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Abstract 
Chemical composition of selected Hong Kong seaweeds dried by sun-, oven-, or 
by freeze-drying methods and collected at different seasons were determined. The main 
chemical constituents analyzed included crude protein and amino acid, dietary fiber and 
polysaccharide sugars, ash and mineral elements, vitamin C, moisture, and phycocolloids. 
The chemical composition of the seaweed Sargassum hemiphyllum (Tum.) C. Ag. 
was greatly affected by the drying method. Dietary fiber and ash were the most abundant 
components found in the samples dried by all three methods. Freeze-dried samples had 
the highest contents of total amino acids (7.87i0.95% DW), vitamin C 
(153il2.0mgy'100g DW), and yielded the highest amount (28.7±L18% DW) of alginate 
when compared with the sun-dried and oven-dried samples. Sun-dried samples contained 
the smallest amount ofash (19.6±0.03% DW), minerals (7130t317mgy'100g DW), and 
vitamin C (51.9±3.47% DW). The latter might be due to leaching during long exposure 
to air when sun-drying. Although oven-dried samples had the greatest nutrient losses 
because of the high temperature treatment, they had the highest mineral contents. Based 
OR these results, freeze-drying is chosen as the drying method used to evaluate the 
seasonal variations in the chemical composition of the brown seaweed S. hemiphyllum 
and the red seaweed Hypnea charoides Lamouroux. 
Samples of S. hemiphyllum were collected monthly from November 1995 to April 
1996 and those of H. charoides, from December 1995 to May 1996，from Tung Ping 
Chau, an island northwest of the New Territories, Hong Kong. These sampling periods 
were associated with low seawater temperature and constant high salinity in the seawater. 
Most chemical constituents of both these seaweeds varied seasonally. The protein and 
amino acid contents of S. hemiphyllum were at their maximum (6.50±0.10% and 
5.76±0.08% DW, respectively) in December 1995, while the amount of its soluble dietary 
fiber fluctuated with no seasonal trend being observed. The contents of its insoluble and 
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total dietary fiber, though had little variations in the first few months, increased sharply to 
their maximum levels (68.1t0.36% and 75.0±0.08% DW, respectively) in April 1996. 
Both the total mineral and vitamin C contents of S. hemiphyllum attained their maximum 
levels (10500±307mg/100g and 209±10.9mgA00g DW, respectively) in January 1996. 
The yield and M/G ratio of the alginate extracted showed some fluctuations from time to 
time but with no clear seasonal trend. 
Similar to S. hemiphyllum, H. charoides contained a large amount of dietary fiber 
and minerals. H. charoides is rich in protein and the maximum levels of its crude protein 
(22.3±0.15o/o DW) and total amino acids (22.3±1.45o/o DW) were observed during March 
and April 1996. The largest amounts of the soluble (41.1±1.10o/o DW) and insoluble 
dietary fiber (41.4士1.56% DW) were found at its early and later growth periods, 
respectively. The highest levels of the other chemical constituents, including ash, 
minerals, and vitamin C were found in samples collected in January 1996. The maximum 
yield of carrageenan (56.6士0.44% DW) with high gelling temperature and low gelling 
concentration relative to those of the commercial grade carrageenan was also obtained 
from samples collected in this period. 
No single optimum period could be recommended to harvest S. hemiphyllum nor 
H. charoides for commercial exploitation. The best harvesting time in order to obtain the 
highest yield of the chemical constituents from these seaweeds would vary depending on 
the chemical constituents being targeted. 
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Chapter 1. Introduction 
Seaweeds have been used because of their nutritional values and their 
phycocolloid contents in industry. This chapter will begin with an examination of the 
chemical composition including protein and amino acid, carbohydrate, minerals, 
vitamins, and phycocolloids in brown and red seaweeds. The content of these chemical 
constituents as well as the growth of seaweeds vary seasonally. Then the literature on the 
seasonal variations in the chemical composition and the growth of brown and red 
seaweeds will be reviewed, followed by the literature review on the seasonal variations 
and the commercial importance of a selected brown seaweed Sargassum and a red 
seaweed Hypnea. Next, guidelines for choosing the drying methods on harvested 
seaweeds before any nutritional studies or industry processing will be proposed. Finally, 
this chapter will be concluded with a discussion on the significance of the present study. 
1.1 Consumption and classification of seaweeds 
Seaweeds are traditionally consumed directly in Far East countries, particularly 
Japan, China, Korea, and Taiwan but very rarely in Westem countries. Over 90 % of the 
total seaweeds harvested in Japan and Korea are consumed as food compared to less than 
1 % in Westem countries (Table 1)，where most of the seaweeds harvested are used 
almost exclusively as sources of phycocolloids, thickening agents, and gelling agents for 
various industrial applications (Mabeau and Fleurence, 1993). As a result of recent 
interests in maintaining a healthy diet, the potentials of seaweeds as a source of natural 
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Table 1. World consumption of edible seaweeds (tonnes of dry products). 
Country Edible seaweed consumption % of total harvesting 
Japan 97 000 97 % 
China 71 000 49 % 
Korea 10 000 93 % 
Taiwan 3 000 -
North America 240 <1 % 
Europe (except France) 70 <1 % 
France (1987) 27 <1% 
From Mabeau et aL, 1990. 
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and health food become widely recognized, and studies on the nutritional values of 
seaweeds have become more widespread, b. comparison with land vegetables, seaweeds 
contain a larger amount of dietary fiber, minerals, and certain vitamins (Darcy-Vrillon, 
1993). Recently, new technology has been developed for seaweed harvesting, processing, 
and cultivation. Therefore, the utilization of seaweeds for either direct human 
consumption or as ingredients for the food industry are becoming more widespread and is 
of greater economic value than ever before (Wang and Chiang, 1994). The consumption 
of edible seaweeds has been increasing world-wide over the past few years. Li 1990， 
seaweeds, which were not considered as food in the past, have been approved in France 
as vegetables or condiments (Mabeau and Fleurence, 1993). 
Seaweeds are generally classified into three main groups according to the nature 
of their pigments: green seaweed (Chlorophyceae), red seaweed (Rhodophyceae), and 
brown seaweed (Phaeophyceae) (Chapman, 1980; Darcy-Vrillon, 1993). Green seaweeds 
can be found in seawater�freshwater, and on land. Red and brown seaweeds are found 
almost exclusively in the marine environment (FAO, 1976). Dring (1982) estimated that 
the worldwide number of species in red, brown, and green seaweeds to be 2540, 997，and 
900，respectively. According to the FAO Year Book (1985), high production areas for 
seaweeds are mainly in the temperate zones. Moreover, the production yield of brown 
seaweeds is the highest on a worldwide basis, followed by red seaweeds. The present 
literature review will concem mainly on brown and red seaweeds which are of the 
greatest commercial importance. 
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1.2 Present uses of seaweeds 
Seaweeds are used more widely as food than other industrial applications both by 
weight and values. While some 2 million tonnes of fresh seaweeds are eaten mainly in 
the Far East, about 1.5 million tonnes go to the industrial production, mainly for the 
extraction of phycocolloids such as alginate, agar, and carrageenan. The commercial 
value of seaweeds used as food products is six times more than that of the industrial 
commodities with phycocolloids (Jensen, 1993). The continued increase in the 
consumption of seaweeds is a result of world demand for the nutritive components 
contained in the seaweeds (Jensen, 1993). 
1.2.1 The chemical composition of seaweeds 
The chemical composition of seaweeds has not been investigated as extensively as 
that of land plants. Most of the available information on the nutritional values deals with 
traditional Japanese seaweeds (Darcy-Vrillion, 1993). However, the chemical 
composition of seaweeds varies with species, habitats, maturity, and environmental 
conditions (Darcy-Vrillion, 1993; Ito and Hori, 1989). Like land vegetables, fresh 
seaweeds consist of 80-90 % of water (Ito and Hori, 1989). From a nutritional 
standpoint, the main characteristics of seaweeds that distinguish them from higher plants 
are the high contents of dietary fiber, minerals, and certain vitamins contents. Most 
seaweeds contain very little amounts of fat (1-5 % DW) (Jensen, 1993)，so they are less 
important as sources of energy. The protein content is relatively low in brown seaweeds 
(average 5-15 % DW) and high in most of the red seaweeds (average 10-30 % DW) 
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(Mabeau and Fleurence, 1993). Ln some red seaweeds, such as Porphyra tenera (nori) 
and Palmaria palmata (dulse), their protein contents can be up to 35 % and 47 % DW, 
respectively (Mabeau and Fleurence, 1993). Moreover, it was found that all the essential 
amino acids are present in these seaweed proteins. These essential amino acid 
compositions are comparable to those ofland vegetables (Darcy-Vrillon, 1993). 
Polysaccharides or complex carbohydrates are the major components of seaweeds, 
accounting for around 50 % DW (Darcy-Vrillon, 1993), and are generally higher than 
those of most land plants. These seaweed polysaccharides are principally divided into 
cell-wall and reserve polysaccharides (Table 2). Of interest is the relatively higher 
proportion (over 50 % total polysaccharides) of soluble cell-wall polysaccharides or 
phycocolloids (alginate, carrageenan, or agar) in seaweeds as compared to those in land 
plants. Phycocolloids are the most important constituents of seaweeds with respect to 
their industrial applications. They are widely used as gelling agents in various industries 
such as the food industry, and this will be discussed in the phycocolloid section (1.2.2). 
These polysaccharides are not digested by human enzymes and can be potential sources 
of new types of dietary fibers in health food (Mabeau and Fleurence, 1993). Other minor 
seaweed polysaccharides include fucans (from brown seaweeds), xylans and marmans 
(from red seaweeds), and cellulose (from all genera) (Table 2). Unlike higher plants, both 
brown and red seaweeds contain relatively less amount of cellulose (2-10 % DW) 
(Jensen, 1993). Reserve polysaccharides found in brown seaweeds are laminarans, 
whereas starch is found in red seaweeds. 
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Table 2. Main seaweed polysaccharides 
Seaweed Type Brown Seaweed Red Seaweed Green Seaweed 
Cell-wall Polysaccharide 
Insoluble Cellulose(glucose) ^ Cellulose Cellulose 
Xylans Xylans 
Mannans Mannans 
Soluble Alginate (guluronic Carrageenan (sulfated Glucuronoxylorhanman 
acid, mannuronic galactose) 
acid) Agar (galactose) 
Fucans (sulfated 
fucose) 
Reserve Laminarans Floridean starch Starch 
Polysaccharide (glucose) (glucose) 
^Constituent sugar. From Darcy-Vrillon, 1993; Mabeau and Fleurence, 1993. 
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In addition, seaweeds are characterized by substantial amounts of minerals and 
certain vitamins. The ash contents of seaweeds vary widely from 8-40 % DW (Ito and 
Hori, 1989). Li general, seaweeds are potentially good sources of minerals to fulfill 
human daily requirements. Most seaweeds have high contents of sodium, potassium, 
calcium, magnesium, phosphorous, and iron. Li comparison with higher plants, the most 
outstanding feature of seaweed minerals is its high iodine level (Mabeau and Fleurence, 
1993). However, the interactions of certain minerals (particularly calcium) with cell-wall 
polysaccharides (alginate, carrageenan, or agar) might limit the availability of these 
minerals. Nevertheless, this problem might be overcome by the particularly high mineral 
contents such as calcium in seaweeds (Mabeau and Fleurence, 1993). Another prominent 
feature of seaweeds is the presence ofhigh levels of vitamins A and B12, especially in red 
seaweeds. Of importance is that vitamin B12 is reported almost totally absent in land 
vegetables (Darcy-Vrillon, 1993). High levels of vitamin C are found in brown seaweeds 
(Mabeau and Fleurence, 1993). From a nutritional standpoint, the vitamins in seaweeds 
can supplement the nutritive value of land vegetables. Dietary supplements based on the 
mineral and vitamin contents of seaweed are readily available in the market place, in both 
dry capsules and drinkable forms. 
1.2.2 Industrial uses - phycocolloids 
1.2.2.1 Alginate 
Alginate is a major soluble cell-wall polysaccharides in brown seaweeds. It is a 
polymer of D-mannuronic and L-guluronic acids (Figure 1). Alginate contains three 
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Figure 1. a) Basic repeating units of alginate, Haworth conformation, 
b) an alginate chain, chair conformation and c) a symbolic representation 
of an alginate chain. M: p-D-mannuronic acid; G: a-L-guluronic acid. 
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types of polymeric segments: the first type consists of D-mannuronic acid units (MM-
block), the second with L-guluronic acid units (GG-block), and the third with alternating 
D-mannuronic acid and L-guluronic acid residues (MG-block) (Glicksman, 1987). The 
proportions of these three polymeric segments in the alginate vary with species and 
seasons. These differences in structures account for the differences in the properties and 
functions of alginate isolated from different brown seaweeds (Glicksman, 1987). 
Polymannuronic acid chains give viscosity to the alginate solutions, while blocks of 
guluronic acids are responsible for the gel strength and the specific binding of divalent 
metal ions. Thus, the mannuronic acid/guluronic acid (M/G) ratio of alginate is an 
important factor to determine the characteristic of the gel formed by alginate. In general, 
alginate with high M/G ratio, that is, with high viscosity but medium gel strength are 
available in large quantities globally. However, very few species of brown seaweeds are 
available in sufficient quantities for the extraction of alginate with high gel strength that 
are dominated by guluronic acid blocks (low M/G ratio) in a global scale (Jensen, 1993). 
The abilities of alginate to bind water, form gels, and stabilize emulsions have 
made it a versatile ingredient in many food and industrial applications. The primary food 
products in which alginate are used include frozen desserts, dairy products, bakery 
products, salad dressings and sauces, fabricated foods, beverages, and dessert gels. 
Alginate also has a wide range of industrial applications such as its uses in paint, paper 
coating, and textiles (Glicksman, 1987; Lewis, et al., 1990). 
1.2.2.2 Carrageenan 
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Carrageenan is a family of sulfated galactan polymers obtained from various red 
seaweed families especially Gigartinaceae, Solieriaceae, and Hypneaceae. These families 
are defined as carrageenophytes. The backbone of the carrageenan consists ofa-1,3- and 
P-l,4-linked D-galactopyranose units which are alternately arranged in a linear sequence 
in the polymeric chains (Figure 2). Carrageenan mainly consists of kappa, lambda, and 
iota types, with differences in their rheological properties due to the different anhydro-
galactose and sulfate content (Figure 2) (Ahmad and Willams, 1992). Kappa carrageenan 
(1,3-linked p-galactopyranosyl-4-sulfate and 1,4-linked 3,6-anhydro-a-D-
galactopyranose) and iota-carrageenan (1,3-linked P-galactopyranosyl-4-sulfate and 3,6-
anhydro-a-D-galactopyranose 2-sulfate) can form gel, while lambda carrageenan (1,3-
linked p-galactopyranosyl-2-sulfate and 1,4-linked a-D-galactopyranose 2,6-disulfate) 
can only form viscous solutions. Because of the absence of 3,6-anhydrogalactose units 
and the presence ofthree sulfate groups in the repeating unit oflambda carrageenan, there 
is more ionic interaction with water and repulsion from one molecule to the other, thus, 
lambda carrageenan does not form gels at all (Figure 2) (Ahmad and Williams, 1992). 
Most carrageenophytes contain two or more recognizable carrageenan types, and 
it is unusual for a seaweed to contain only a single type of carrageenan (Craigie, 1990). 
The functional properties of carrageenan depend on the type and proportions ofthe three 
carrageenan polymers: kappa, iota, and lambda. The kappa and iota carrageenans are 
thermo-reversible gelling agents and are widely used in water and milk gelling systems 
such as desserts gels, jellies and jams, pet foods, puddings, frozen desserts, and many 
10 
-O3SO H2C\ 
‘ ^ ^ V � ^ ^ ^ 
OH 
4-0-Sul(ato-p-D-galac1opyranosyl unit 3,6-Anhydro-a-D-galacfopyranosyl unit 
(a) Kappa Carrageenan 
-O3SO H2C\ 
v ^ \ / ^ 二 。 ^ 
z X x ^ ^ " t ^ V ^ ^ / ^ ^ ^ 
• 0 s 0 3 - ‘ 
4-0-Sullato-p-D^alactopyranosyl unit 3.6-Anhydro-2-0-sul(ato-a-D^alactopyranosyl unit 
« 
(b) Iota Carrageenan 
HO 
V ^ ^ \ „ 
X c ^ ^ 。 ^ ^ ^ ^ ： ^ ^ 
2-a-Sul(ato-p-0-galactopyranosyl unit ^ Q ^ V ^ O3SO 
2.6-Di-O-sulfato-a-o-galactopyranosyl unit 
(c) Lambda Carrageenan 
Figure 2. Basic repeating units of a) kappa, b) iota and c) lambda 
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other products. Lambda carrageenan is a non-gelling ingredient used in thickening, 
suspending, and bodying applications such as milk shakes, flavored milk, and beverage 
mixes (Glicksman, 1987). Li addition to its food uses, numerous applications have been 
developed for carrageenan in pharmaceutics, cosmetics, coatings such as paints and inks, 
and other products and processes (Lewis et al., 1990; Percival and McDowell, 1967). 
1.2.2.3 Agar 
Agar is a family of galactans and is analogous to the carrageenan family in terms 
of its chemical and biological properties. Agar is obtained primarily from agarophytes 
such as Gelidiaceae and Gracilariaceae. Agar is composed of agarose and agaropectin 
(Craigie, 1990). Agarose is the gelling portion of agar which is composed of 3-linked P_ 
D-galactopyranose and 4-linked 3,6-anhydro-a-L-galactopyranose units (Figure 3a) 
(Glicksman, 1987; Matsuhashi, 1990). Agaropectin has essentially the same structure as 
agarose, except that the units in the copolymer are replaced by 4,6-0-(1-
carboxyethylidene)-D-galactopyranose or by sulfated or methylated sugar residues 
(Figure 3b) (Craigie, 1990; Matsuhashi, 1990). Agar is insoluble in cold water but 
soluble in boiling water. It has specific setting and melting temperatures. The firm gel 
formed at 35 °C on cooling, and does not melt below 8 5 � C . The major use of agar is in 
microbiological culture media because of its stability in the presence of most organisms. 
Moreover, agar is used in food products such as pie filling, icings, toppings, 
confectionery, and canned meat products because of its colloidal and gelling properties 
(Glicksman, 1987). 
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1.3 Seasonal variations studies 
Although the large abundance and diversity of seaweeds over the world have 
made them valuable materials for human use, only a few seaweed species have been 
extensively studied and utilized. Due to over-exploitation of some seaweeds such as 
Porphyra, Laminaria, and Eucheuma, the demand and supply of these seaweeds will 
become imbalance in the near future. The degree of exploitation is largely determined on 
the global distribution of the seaweeds which is governed by various factors. A certain 
species will be abundant at one location or may be totally absent elsewhere is determined 
by the environmental factors and time and place ofharvesting (Wood et al., 1991). 
Recent studies related to the seasonal variations on growth of brown and red 
seaweeds are well documented (Kaldy et al., 1995; Molloy and Bolton, 1996; Rao, 1995; 
Thomas and Subbaramaiah, 1991). For example, both brown and red seaweeds are more 
abundant in spring and winter, and there are only a few species grown in the summer time 
in Taiwan (Wang and Chiang, 1994) and the Philippines (Trono and Lluisma, 1990). The 
seasonal fluctuations in the environmental factors such as seawater temperature, salinity, 
irradiance, water movement, and nutrients availability in seawater influence the growth of 
seaweeds (Bird et al., 1979; Gunnarsson and Ingolfsson, 1995; Munda, 1978). 
Temperature has been suggested as the most important factor in controlling the seasonal 
growth behavior of seaweeds (Kain and Norton, 1990). Seaweeds grow only within 
certain temperature limits, beyond these limits seaweeds are unable to grow or to 
reproduce (Kain and Norton, 1990; Voskoboinikov et al., 1996). Levels of salinity and 
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pH in seawater are other important ecological factors affecting the distribution of 
seaweeds. Fluctuations in salinity and pH of seawater result in changes of seaweed 
cellular ionic levels and hence influencing their metabolic rate (Kain and Norton, 1990). 
Moderate to strong water movement provides a better environment for seaweeds to grow 
with a steady supply of nutrients and gases, and means to remove waste products (Ang, 
1986; Kain and Norton, 1990). 
Moreover, a number of studies has been conducted on the seasonal changes in the 
chemical composition ofbrown (Ganesan and Kannan, 1994; Suzuki et al., 1993) and red 
(Pondevida and Hurtado-Ponce, 1996; Zinoun and Cosson, 1996) seaweeds. The 
seasonal variations in the chemical composition of seaweeds are highly determined by the 
growth stages and the environmental parameters such as temperature, light intensity, 
salinity, pH, and nutrient availability in seawater (Lobban et al., 1985; Mabeau and 
Fleurence, 1993; Voskoboinikov et al., 1996). It has been reported that the contents of 
protein (Bird, 1984), dietary fibers (Suzuki et aL, 1993)，ash and minerals (Kesava Rao 
and Singbal�1996; Thomas and Subbaramaiah, 1991), vitamins (Chapman and Chapman, 
1980), and phycocolloids (Honya et al., 1993; Zinoun and Cosson, 1996) vary according 
to season, locations, different growth stages, environmental parameters, and other 
unknown factors. These variables adding together determine the seasonal variations in 
the chemical composition of seaweeds. As mentioned previously, the uses of seaweeds 
are based on their chemical constituents, which will be further developed in both the food 
and industrial applications. However, the amount of these chemical constituents of 
seaweeds vary with growth and season. Research on the seasonal variations of growth 
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and chemical composition of seaweeds are necessary to optimize the use of this 
renewable resources. 
1.4 Seaweeds in Hong Kong 
Seaweeds in Hong Kong are characterized by its seasonal nature. During the cold 
winter season ^SJovember - March), many rocky shores in Hong Kong support a large 
diversity of seaweeds. Li contrast, the majority of seaweeds in Hong Kong become 
bleached and killed in summer (June - September). During summer when the low tides 
occur in the aftemoon, the seaweeds are exposed to the strong aftemoon illumination for 
a considerable period of time，causing over-drying and over-heating effects which are 
detrimental to the seaweeds. Re-growth of the seaweeds only occur when the period of 
exposure is shorter and illumination is not as strong (Hodgkiss and Lee, 1983; Kaehler 
and Kermish, 1996). Hong Kong is rich in seaweed flora. Sargassum hemiphyllum 
(Turn.) C. Ag. and Hypnea charoides Lamouroux are two of the most common and 
highly abundant species found in Hong Kong. 
1.5 Seaweeds selected for study 
1.5.1 Sargassum species 
1.5.1.1 Uses ofSargassum 
Brown seaweed is one of the most abundant seaweed groups of economic 
importance. Within this group, plants belonging to the genus Sargassum are widely 
16 
distributed in the tropical and sub-tropical regions. More than 250 species have been 
described under this genus (Chapman and Chapman, 1980). The potential of Sargassum 
as a source of alginate and animal feed has long been realized (Chapman and Chapman, 
1980; Thomas and Subbaramaiah, 1991). Sargassum has been employed as an alternative 
animal feed (Carrillo et al., 1992). It is also used as food, fodder, fertilizer, and medicine 
in Taiwan, China, and Japan (Ho, 1988). Furthermore, it has been collected and used as 
raw materials for the alginate processing industry in the Hong Kong nearby region (Ho, 
1988), Lidia (Thomas and Subbaramaiah, 1991), and the United States (Hanisak and 
Samuel, 1987). In Florida, the United States, Sargassum has been proposed as an "energy 
farm" for its potential ability to accumulate large quantities of biomass and its positive 
buoyancy (Hanisak and Samuel, 1987). The wide applications and great economic values 
of Sargassum have resulted in its increased harvest. Li 1987, it was reported that about 
4188 metric tonnes of Sargassum meal, worth about US$476,000�were exported from the 
Philippines. This significant trend of increase in trading reflected the increasing 
commercial harvesting of Sargassum as raw material in the manufacture of seaweed meal 
(Trono and Lluisma, 1990). However, it was reported that the collection of Sargassum 
was concentrated mainly in certain areas and resulted in the destruction of Sargassum 
beds in the Philippines (Trono and Lluisma, 1990). 
1.5.1.2 Seasonal variations of Sargassum 
The growth pattem of Sargassum species can be characterized as consisting an 
embryonic phase, a growth phase, a reproductive phase, a senescence and die back phase, 
17 
and a regenerative phase (Ang, 1985). A few studies on the seasonal variations of 
Sargassum species have shown that Sargassum is most abundant during the cooler 
months of the year in the Philippines (Trono and Lluisma, 1990)，Taiwan (Wang and 
Chiang, 1994), and M i a (Thomas and Subbaramaiah, 1991). After this period of 
maximum growth, Sargassum undergoes senescence, and its biomass reduced (Ang, 
1985; Trono and Lluisma, 1990). In a seasonal study of the standing crops ofSargassum 
in the Philippines, it has been observed that the highest standing crops (biomass) of 
Sargassum were found during November, December, and January (the winter months) 
when the temperature was the lowest; and the lowest standing crops were found in 
February, March, and/or April (spring) (Trono and Lluisma, 1990). In Taiwan, a number 
oiSargassum species grow only between September and April. The seasonal growth of 
Sargassum in the tropical and sub-tropical areas is correlated with temperature, salinity, 
pH of seawater�and rainfall (Hanisak and Samuel, 1987; Thomas and Subbaramaiah, 
1991) which agreed with other seasonal observations in brown seaweeds mentioned 
earlier. 
Moreover, a number of studies on the nutritional value ofSargassum species has 
been conducted regarding the composition of their protein and amino acids (Qaism, 
1991), dietary fibers (Lahaye, 1991; Suzuki et al., 1993)，minerals ( Mabeau et al., 1992; 
Yun et al., 1990)，and vitamins (De Roeck-Hotlzhauer, et aL, 1991; Qasim and Barkati, 
1985). Although there is wide applications of Sargassum in the tropical and sub-tropical 
regions in terms of its alginate and nutrient contents, little is known about the seasonal 
variations of its chemical composition. 
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1.5.2 Hypnea species 
Hypnea belongs to the family Hypneaceae and division Rhodophyta. Hypnea is 
very abundant in tropical waters, such as in southern Florida, the Caribbean, the Gulf of 
Mexico, the northeast coast of Brazil, Australia, parts of the South China Sea, and South 
Afiica. Hypnea is commercially important because of its phycocolloid, the carrageenan 
(FAO, 1976). As mentioned previously, the gelling properties of the carrageenan strongly 
depend on its types (kappa, iota, and lambda). It is documented that most Hypnea species 
(such as H. musiciformis, H. ceramioides, H. cervicornis, H. japonica, H. nidifica, and H. 
spicifera) consist of mostly kappa and only trace amount of iota carrageenan (Chapman 
and Chapman, 1980; Craigie, 1990). These species can be used to prepare jelly-like food 
(Wang and Chiang, 1994) and used as medicine to reduce fever in Taiwan (Hodgkiss and 
Lee, 1983). 
As cajrrageenophytes are rich in carrageenan, much research has been conducted 
on the extraction and characterization of this phycocolloid (Friedlander and Lipkin, 1982; 
Knutsen et al., 1995; Lasema et al., 1981; Yang and Swei, 1985). The gel strength ofthe 
extracted carrageenan strongly depends on the extraction method. It was observed that 
the gel strength of carrageenan increased when the concentration of potassium chloride in 
the carrageenan was increased from 0.5 to 1.5 % (Chapman and Chapman, 1980). 
Moreover, it has been shown that Hypnea species could be good potential sources for the 
extraction of carrageenan based on its high yield and high gel strength (Ahmad and 
Williams, 1992; Friedlander and Lipkin, 1982). In some early studies, it has been shown 
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that the quantity and quality of carrageenan extracted from Hypnea varied with its growth 
and the season (Chapman and Chapman, 1980; Rama Rao and Krishnamurthy, 1978). 
Although Hypnea can be a potential source in phycocolloid industry, a few studies have 
been conducted on the seasonal changes of carrageenan and other chemical composition 
in Hypnea. 
1.6 Drying methods used in seaweed studies and industrial processing 
Fresh seaweeds consist of more than 70-90 % of water (Jensen, 1993). Thus, the 
enormous wet bulk of the seaweeds must be reduced by drying before any seaweeds study 
or industrial processing can be proceeded. As seaweeds deteriorate fairly quickly, it is 
particularly important to remove the water in seaweeds soon after their harvest. 
Moreover, it was found that phycocolloid extracted from fresh wet seaweeds does not gel 
(FAO, 1976). If properly dried, seaweeds can be stored for a number of years without 
appreciable loss of the gelling property of their phycocolloid. The maximum yield of 
phycocolloid extraction can be achieved if seaweeds are dry rather than wet (FAO, 1976). 
Sun-drying is the most widely used method in drying seaweeds. In Asia, the 
cleaned fresh seaweeds are simply laid out on bamboo racks or other flat surfaces under 
the sun with regular turning until dry (Wang and Chiang, 1994). Sun-drying is a simple 
inexpensive method in terms of both capital input and operating cost. Energy inputs and 
skilled labor are not required (Fellows, 1988). Under favorable conditions such as sunny, 
windy, and dry, fresh seaweeds can be dried within several days. However, the danger of 
spoilage of partially-dried seaweeds under unfavorable conditions such as moist and 
20 
f o g g y , weather is a big problem particularly in humid areas (FAO, 1976). It had been 
reported that over 10,000 kg ofthe seaweed dulse annually go to waste because ofthe 
unfavorable conditions in Canada (FAO, 1976). The disadvantages of relatively poor 
control over the drying conditions ofthis drying method have increased the importance 
and usage ofartificial mechanical drying methods such as oven-drying and freeze-drying. 
Although they are expensive to install in terms of overhead when compared to the sun-
drying method, they permit drying of seaweeds irrespective of weather conditions. It has 
been demonstrated that phycocolloid extracted from controlled, artificially-dried 
seaweeds possess more consistent functional properties (FAO, 1976). 
The basic mechanism of oven-drying method is heating by hot-air convection. 
The drying temperature is usually below 6 5 � C to avoid adverse thermal reactions 
(Anderson, 1996)，and the common drying time is 8-16 hours for seaweeds, hi general， 
rapid drying under high temperature causes complex physical and chemical degradative 
changes and losses of volatile components such as flavor and aroma in plant materials 
(Fellows, 1988). Freeze-drying is developed to overcome the problem of the loss of 
volatile compounds in foods during conventional drying operations. In freeze-drying, 
seaweed is frozen and dried by direct sublimation ofthe ice under reduced pressure. This 
process minimizes the physical damage to the plant, enhances reconstitution 
characteristics and minimizes the occurrence of oxidation and thermal reactions. The 
major disadvantages offreeze-drying are the high energy cost, long drying time, and the 
limited drying space (Barbosa-Canovas and Vega-Mercado, 1996). 
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In general, sun-drying (Carrillo et al., 1992; FAO，1976)，oven-drying (Hamdy 
and Dawes, 1988), and freeze-drying (Mabeau et aL, 1992) are the three common drying 
methods employed in seaweeds studies or industrial processing. Drying can be an 
important factor affecting the nutritional values of seaweeds either through modifications 
or direct losses of the nutrients. It has been shown that high-temperature drying and 
cooking could greatly alter the vitamin C content in brown seaweeds (Mabeau and 
Fleurence, 1993). 
1.7 Significance ofthe present study 
Previous studies on red and brown seaweeds were mainly focused on the seasonal 
variations of their growth rather than in their chemical composition. The chemical 
constituents of the both brown seaweed Sargassum and red seaweed Hypnea have wide 
applications. Sargassum hemiphyllum (Turn.) C. Agardh and Hypnea charoides 
Lamouroux are two of the most abundant species commonly found in Hong Kong. No 
previous study has been carried out on the chemical composition of these two local 
seaweed species. Chemical composition of seaweeds are known to change throughout 
their growing season. It is therefore important to find out at what time ofthe year would 
the levels oftheir chemical constituents be at their maximum if these seaweeds are to be 
harvested for commercial uses. The main objectives of this study were to identify and 
quantify the major chemical constituents found in S. hemiphyllum and H. charoides and 
to assess the seasonal variations ofthese chemical constituents in the seaweeds. 
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Drying is a post-harvesting process performed on fresh seaweeds before any 
nutritional studies or industrial processing are carried out. Sun-drying, oven-drying, and 
freeze-drying are the three common drying methods employed in seaweed studies. 
However, they are usually used independently on separate species of seaweed. The effect 
of these different drying methods on the chemical composition of a single seaweed 
species has never been compared and investigated. Therefore, the following study will 
compare the effect of these three drying methods on some of the major chemical 
constituents of the brown seaweed S, hemiphyllum. Based on the results obtained, the 
most appropriate drying method will be chosen for the subsequent studies of the seasonal 
variations in the chemical composition ofboth S. hemiphyllum and K charoides. 
Furthermore, although different methods have been developed to identify and 
quantify the main chemical constituents of seaweeds, such as protein and amino acids, 
dietary fiber and polysaccharide sugars, ash and mineral elements, vitamins, moisture, 
and phycocolloids, the procedures are not unique and may not be applicable to all species. 
Therefore, the present study also attempt to obtain protocols that would be best suited for 
the determination of these chemical constituents in S. hemiphyllum, H. charoides, and 
other seaweeds. 
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Chapter 2. Materials and methods 
2.1 Location, seaweed collection, and environmental parameters 
Tung Ping Chau is located in the northeast ofHong Kong (22° 33, N, 114° 26’ E, 
Figure 4). Two sampling sites in Tung Ping Chau: Lung Lok Shui and A Ma Wan 
(Figure 4) were chosen for study one year from 1995 to 1996. A brown seaweed 
Sargassum hemiphyllum found in the middle intertidal zone of Lung Lok Shui was 
collected monthly during the growth period from November 1995 to April 1996. A red 
seaweed Hypnea. charoides in the subtidal zone of A Ma Wan was collected monthly 
during the growth period from December 1995 to May 1996. Seawater temperature was 
measured at the time of each collection with a thermometer. Three seawater samples 
were collected in 150 ml Nalgene plastic bottles and were transported back to the 
laboratory where their salinity and pH were measured with a refractometer and a pH 
meter, respectively. 
2.2 Sample preparation 
Both freshly collected S. hemiphyllum and H. charoides were washed thoroughly 
with tap water to remove silt, sand, and epiphytes. 
S. hemiphyllum was selected for the study of the effect of three drying methods on 
the chemical composition of seaweeds. The whole lot of S. hemiphyllum collected in 
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December 1995 were divided into three groups and dried according to the following 
conditions (Table 3). 
For the study ofthe seasonal variations in the chemical composition of seaweeds, 
both S. hemiphyllum and H. charoides were chosen. Both seaweeds were cleaned, frozen 
in a -70 °C freezer for 1 day, and then dried in a freeze-drier (Labconco�Missouri) for 
five days. All samples were dried to a constant weight. The dried samples were ground 
in a Cyclotech mill (Tecator�Hoganas, Sweden) to pass through a 0.5 mm sieve and then 
stored in air-tight plastic bags in desiccators at room temperature for further chemical 
composition analysis. 
2.3 Chemical composition analysis 
2.3.1 Protein 
Nitrogen content in the seaweed samples and dietary fibers were determined by 
the Kjeldahl method (AOAC, 1990). About 0.5 g ofthe sample was digested with 12.5ml 
of 18 M sulfuric acid in the presence of an oxidizing catalyst and a salt, potassium 
sulfate-mercuric oxide-selenium (1000K Kjeltab, Tecator, Hoganas, Sweden). The 
mixture was digested at 4 2 0 � C in a Kjeldahl digestor (Kjeltec System 2006 digestor, 
Tecator, Hoganas, Sweden) until the solution lost its dark color and became clear, and 
then the digestion was continued for an additional 30 min to ensure complete oxidation. 
About 25 ml o f a 2 % solution ofboric acid was added into a 250 ml conical flask, 
a few drops ofthe screened methyl red indicator [0.1 % alcoholic solutions ofmethyl red 
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Table 3. Conditions of the three drying methods. 
Group Conditions 
Sun-dried (SD) Direct sunlight (4 days) 
Oven-dried (OD) Air-oven at 6 0 � C (15 h) 
Freeze-dried (FD) Freezer at -70 °C (1 day) and then 
freeze-drier at -47 °C (5-6 days) 
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and bromocresol green (1:5) ] was added. Sodium hydroxide (0.1 M) was added until it 
just turned green. Hydrochloric acid (0.1 M) was then added until the colorjust changed 
back to pink. The acid-digested mixture was cooled and diluted with 75 ml of distilled 
water. A 50 ml of 40 % sodium hydroxide was added slowly to the mixture and the 
alkaline solution was distilled until all ammonia has passed over into the boric acid which 
was previously adjusted to the screened methyl red end point. The distillation process 
was carried out in a distillation unit (Kjeltec System 1002, Tecator, Hoganans, Sweden). 
The distillate was then titrated with 0.5 M hydrochloric acid and the content of protein 
was calculated. 
% ofNitrogen = Volume of acid x molarity ofacid x 1.4 / weight ofsample 
o/o ofProtein = % nitrogen x 6.25 
2.3.2 Amino acids 
About 1-3 mg of sample was hydrolyzed with 0.5 ml of 6 M hydrochloric acid at 
110 °C for 24 h, in a sealed vial after evacuation of air. The hydrolyzed sample was dried 
in a Speedvac Concentrator (Savant, Farmingdale, NY) overnight. After an addition of 
0.5 ml buffer sodium-sulfb: (Beckman System 7300/6300) to the dried hydrolysate, the 
sample was mixed thoroughly and filtered through a 0.45 ^m Nylon Acrodisc filter before 
the amino acid analysis. For the determination of amino acids cysteine and methionine, 
samples were oxidized with 0.5 ml performic acid and store in 4 °C for 14-16 h. After 
an addition of 0.1 ml of chilled hydrogen bromide, the pre-treated sample was dried in a 
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Speedvac Concentrator (Savant) for 6-7 h. The dried sample was then subjected to the 
hydrochloric acid hydrolysis stated above. 
Norleucine was added as an internal standard to the amino acid hydrolysate. 
Amino acid composition was determined by an Amino Acid Analyzer (Beckman 6300, 
CA). The amino acid was identified by comparing with the retention times of known 
amino acid standards (Beckman System, 7300/6300). Lidividual amino acids were 
corrected for the losses during hydrolysis and the response factor of the amino acid 
detection. 
2.3.3 Dietary fiber 
Six replicates of each sample were used to determine the content of total dietary 
fiber (TDF), soluble dietary fiber (SDF) and insoluble dietary fiber (IDF) by the AOAC 
method (AOAC, 1995) with slight modifications (Cheung, 1996). About lg sample was 
suspended in a MES/TRIS buffer (0.05M, pH 8.3，50 ml). After an addition of 0.1 ml 
heat stable a-amylase (EC 3.2.1.1, catalog no. A3306, Sigma Chemical Co., St. Louis, 
MO) the suspension was left for 30 min in a boiling water bath. The suspension was 
allowed to cool to 60 °C and adjusted to pH 7.5土0.2 with 0.275 M sodium hydroxide. 
After adding of 0.1 ml protease (50 mgy'ml, catalog no. P3910, Sigma), the suspension 
was left for 30 min in a water bath at 60 °C with agitation. It was then adjusted to pH 
4.1-4.6 with 0.325 M hydrochloric acid and 0.3 ml of amyloglucosidase (EC 3.2.1.3, from 
Aspergillus niger, catalog no. A3513, Sigma) was added. The suspension was left for 30 
min at 60 °C with agitation. 
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For the TDF determination: three replicates after the above enzymatic treatment 
were precipitated with 4 volumes of absolute ethanol and the precipitate recovered by 
filtration was dried by solvent exchange, using two times each with 10 ml portions of 78 
% ethanol, absolute ethanol and acetone. The residues were dried in a 70±5 °C air-oven 
ovemight. For the SDF and IDF determination: the remaining three replicates after 
enzymatic treatment were filtered. The insoluble material was dried by the solvent 
exchange procedures as in the TDF, yielding the IDF; the filtrates were precipitated with 
4 volumes of absolute ethanol and the residue left after filtration was the SDF. The SDF 
was also dried by the same procedures as in the TDF and EDF. One replicate from each 
dietary fiber was used to determine the residue protein by the Kjeldahl method (2.3.1). 
The second replicate was used for ash analysis (2.3.5). The TDF, SDF and IDF were 
measured gravimetrically after corrections for protein and ash. 
2.3.4 Sugar 
Samples of dietary fibers were subjected to acid hydrolysis for their sugar 
composition determination. About 10-15 mg of sample was hydrolyzed with 0.6 ml of 12 
M sulfuric acid at 35 °C for 1 h with stirring. The hydrolysate was diluted with 3.0 ml of 
distilled water and heated in a boiling water bath with shaking for 1 h. Three milliliters 
of hydrolysate was used to prepare the alditol acetate derivative of the neutral and amino 
sugars according to the method described by Blakeney et al. (1983). P-D-allose (1 
mg/ml) was added as an internal standard. Concentrated ammonia (12 M) was added to 
neutralize the hydrolysate followed by 5 i^l octan-l-ol to prevent foaming and 0.2 ml 
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freshly prepared sodium tetraborohydride (200 mgAnl) for the reduction reaction. The 
mixture was kept at 40 °C for 30 min, and the reduction was stopped by adding 0.1 ml 
glacial acetic acid. Acetic acid anhydride (2.0 ml) was then added together with a 
catalyst, 1-methlylimidazole (0.3 ml), and the acetylation was proceeded at room 
temperature for 10 min. Distilled water (5.0 ml) was added to destroy the excess acetic 
acid anhydride. Dichioromethane (1 ml) was added to extract the alditol acetate 
derivatives formed. The mixture was vortex-mixed and allowed to stand for 10 min for 
phase separation. While the top aqueous layer was removed, the bottom organic layer 
was washed with distilled water (2 ml x 2) and dried with anhydrous sodium sulfate. 
Alditol acetates of the neutral sugars were quantified by an HP5890 series E gas 
chromatography using an Alltech DB-225 capillary column (15 m x 0.25 mm i.d., 0.25 
i^m film) with the following oven temperature program: initial temperature, 180 °C; 2 
�C/min to 210 °C; 5�C/min to 220 °C; and 220 °C for 20 min. The carrier gas was 
hydrogen and detection was by flame ionization. Individual sugars were corrected for 
losses during hydrolysis and derivatization and for the response factor of the GC. The 
values for monosaccharides were expressed as polysaccharide residues (anhydrosugars) 
by multiplying the amounts of pentoses and deoxypentoses by a factor of 0.88 and of 
hexoses by a factor of 0.90. 
2.3.5 Ash 
Ash contents of seaweed samples and their dietary fibers were determined by 
ovemight heating at 525 °C (AOAC, 1995) until a constant weight. 
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2.3.6 Mineral elements 
About 0.2 g of sample was digested with 6 ml of 65 % nitric acid / 98% sulfuric 
acid (5:1 v/v) at 140 °C for 14-15 h, until all the organic components had been digested 
and a clear solution appeared. The acid digest was cooled, filtered using Whatman 40 
ashless filter paper, and made up to 25 ml with 2 % nitric acid in a volumetric flask. 
Potassium, sodium, calcium, magnesium, aluminum, zinc, nickel, iron, manganese, and 
copper were determined by an inductively coupled plasma - atomic emission 
spectroscopy (ICP-AES) (Atomic Scan 16, MA). 
2.3.7 Vitamin C 
Vitamin C content was determined by the 2,4-dinitrophenylhydrazine method 
(The Association ofVitamin Chemists, 1966). A sample of 0.5 g was homogenized with 
25 ml of 10 % metaphosphoric acid for 15 min. The suspended solids in the mixture 
were removed by centrifugation (15000 rpm, 15 min). A few drops of bromine was 
added to oxidize the vitamin C in the supernatant to dehydroascorbic acid which was 
measured as phenylhydrazone derivative by the following procedures. A volume of 10 
ml of 2 % thiourea in 5 % metaphosphoric acid was added into 5 ml oxidized extract, and 
the mixture was then diluted to 20 ml with 5 % metaphosphoric acid. Three tubes with 
each containing 4 ml diluted extract were prepared. One tube was kept for a blank while 
the remaining two tubes was added with 1.0 ml of 2 % 2,4-dinitrophenylhydrazine. All 
tubes were incubated at a 37±0.5 °C water bath for 3 h and then cooled in an ice bath. To 
each of the three tubes, while kept in the ice bath, 5 ml of 85 % sulfuric acid was added 
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one drop at a time for total addition time of at least 1 min. A volume of 1 ml of2 % 2,4-
dinitrophenylhydrazine was then added into the blank tube after the incubation. All tubes 
were shaken thoroughly in the ice bath and allowed to stand at room temperature for 30 
min. The amount of vitamin C was determined by measuring the absorbance at 540 nm 
with known vitamin C standard (Sigma). 
2.3.8 Moisture 
The moisture content of all sun-dried, oven-dried, and freeze-dried seaweed 
samples was determined by a LP16 infrared dryer (Mettler, Switzerland) which is based 
on heating ofthe sample with the aid of infrared radiation of wavelength 2 to 3.5 i^m. 
2.4 Characterization of alginate from brown seaweed Sargassum hemiphyllum 
2.4.1 Alginate extraction 
Alginate was extracted from the dried seaweed samples by the modified method 
ofHaug et al., (1974). About 1.0 g of seaweed sample was treated ovemight with 2 ml 
36-38 % formaldehyde, and then extracted with 20 volumes of 0.5 % sulfuric acid 
ovemight. The acid extract was discarded, and the remaining seaweed material was 
extracted with 3 % aqueous sodium carbonate with stirring for 24 h. The viscous 
brownish extract was recovered by centrifugation (12000 rpm, 10 min). The residue was 
washed with 3 % aqueous sodium carbonate (10 ml x 3) and centrifliged (12000 rpm, 10 
min). The combined supematants were precipitated with 3 volumes of absolute ethanol, 
and the precipitated crude alginate was recovered by centrifugation (12000 rpm, 10 min). 
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The crude alginate was redissolved in 10-20 ml distilled water into which a few drops of 
0.2 M potassium chloride was added, and the alginate was precipitated by adjusting the 
pH to 2.0-2.2 by adding 3 M hydrochloric acid. The precipitate was recovered by 
centrifugation (12000 rpm, 10 min), suspended in 20 ml distilled water, and dissolved by 
the addition of 2 M sodium hydroxide. Purified alginate was isolated by re-precipitation 
of the alkali-soluble alginate solution with 3 volumes of absolute ethanol. The final 
purified alginate solid was washed with absolute ethanol (10 ml x 2) and freeze-dried. 
2.4.2 Uronic acid block composition determination 
The different uronic acid blocks of alginate were determined according to the 
method of Haug et al. (1974) with modifications. Partial heterogeneous hydrolysis was 
carried out by suspending 0.1 g of purified alginate in 10 ml of 0.3 M hydrochloric acid at 
100 °C for 2 h. The suspension was cooled to room temperature and centrifliged (4000 
rpm, 15 min). The supernatant consisted mainly of blocks with an alternating sequence 
of mannuronic and guluronic acid residues (MG-block). The amount of MG-block was 
determined by the phenol-sulfuric acid method (Dubois et aL, 1956) (2.4.2.2). The 
residue was suspended in 0.1 M sodium chloride and dissolved by neutralization with 0.2 
M sodium hydroxide. The solution was then adjusted to pH 2.8-3.0 with 0.1 M 
hydrochloric acid for precipitation, and the mixture was diluted to 10 ml with 0.1 M 
sodium chloride. The precipitate recovered by centrifugation (4000 rpm, 15 min) was 
redissolved in 0.1 M sodium hydroxide and diluted to 10 ml with 0.1 M sodium chloride 
again. The precipitate and the supernatant were consisted of homopolymeric blocks of 
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guluronic acid residues (GG-block) and mannuronic acid (MM-block), respectively. The 
amounts of MM- and GG-blocks, liked the MG-block，were determined by the phenol-
sulfuric acid method (Dubois et aL, 1956), using the standard MG-, MM-, and GG-
blocks. The alginate standard used was extracted from Laminaria hyperborea (Pronova 
Biopolymer Asia Limited). 
2.4.2.1 M/G ratio determination 
On the basis of the compositions of MG-, MM-, and GG- blocks obtained from 
2.4.2，M/G ratio was calculated from the MM- and GG-blocks, assuming that the 
alternating MG-blocks has an M/G ratio of 1.0. (Haug et al, 1974) 
2.4.2.2 Phenol-sulfuric acid method for determination of sugar 
A 0.5 ml alginate solution was vortex mixed with 0.5 ml of 5 % phenol in water. 
After an addition of 2.5 ml concentrated sulfuric acid rapidly from a glass dispenser, the 
mixture was vortex-mixed, and allowed to stand for 30 min at room temperature. The 
amount of sugar was determined by measuring the absorbance at 490 run using standard 
MG-, MM-, and GG-blocks extracted from Laminaria hyperborea. 
2.5 Characterization of carrageenan from red seaweed Hypnea charoides. 
2.5.1 Carrageenan extraction 
The carrageenan was extracted by the method described by Pondevida and 
Hurtado-Ponce (1996) with modifications. About 5.0 g of seaweed sample was extracted 
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with 150 ml of distilled water at 90-100 °C water bath for 3 h with continuous shaking. 
The mixture was cooled to 6 0 � C and centrifuged (5000 rpm, 15 min) at 40 °C. The 
viscous supernatant was collected, and the residue was re-extracted with 150 ml of 
distilled water. The pH of the first and second supematants were adjusted pH 8.0士2 with 
3 M hydrochloric acid separately. The supematants were then precipitated with 3 
volumes of propan-2-ol, and the precipitates of the first and second carrageenan extracts 
were filtered and washed with propan-2-ol and freeze-dried individually to determine 
their yields. 
2.5.2 Chemical analysis of carrageenan - sulfate content 
The sulfate content in carrageenan was determined according to the 
spectrofluorimetric method of Cundall et al. (1973) with a F4500 fluorescence 
spectrophotometer (Hitachi, Tokyo, Japan). A volume of 0.5 ml of the 0.1 % carrageenan 
solution was added to 5 ml of 1.54 x 10 ^ M acridine orange solution, and the mixture 
was diluted to 50 ml with distilled water. The mixture was gently shaken until no 
precipitation was observed. Several such solutions were prepared using increasing 
amounts of carrageenan solutions, and the fluorescence intensity of each solution was 
measured at 540 nm with an excitation wavelength of 405 nm. A graph of relative 
fluorescence intensity (%) against the concentrations of carrageenan (in terms of volume 
of carrageenan standard added) was plotted. The corresponding carrageenan 
concentration in the samples which corresponded to the amount of sulfate groups was 
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extrapolated to the x-axis (Appendix 1). The relative equivalent mass (REM) per sulfate 
group for each sample can be calculated by the following equation: 
REM = Weight of carrageenan / Number of moles ofbound dye 
The sulfate content of carrageenan can be obtained by the following equation (Lasema et 
al, 1978): 
% sulfate = Molecular weight of sulfate / REM 
2.5.3 Physical analysis of carrageenan 
2.5.3.1 Gelling temperature 
A solution of 10 ml of 1.5 % carrageenan at 40-50�C was prepared in a glass 
bottle (2.0 cm diameter, 2.5 cm height) with a thermometer ( 1 � C division) inserted in a 
just-off center position. The solution was then cooled gradually in a water bath at room 
temperature. Plastic beads, 6 mm in diameter, were dropped one at a time into the bottle 
as the gel cooled. The temperature at which a bead failed to drop through the carrageenan 
was recorded as the dynamic gelling temperature fNelson et al., 1983). 
2.5.3.2 Gelling concentration 
A 50 mg of carrageenan sample was dissolved in 10 ml of distilled water in a 
glass bottle (2.0 cm diameter, 2.5 cm height) with stirring. The glass bottle was inverted 
to observe whether the carrageenan solution remained in the bottom position of the tube 
or not. A 10 mg of carrageenan was added to the solution in the same bottle, and the 
whole procedure was repeated until gelling occur. The gelling concentration of 
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carrageenan was taken when the content in the bottom of the inverted tube did not fall 
down under gravity. All measurements were carried out at room temperature (18±1�C). 
2.6 Data Analysis 
All analyses were performed in triplicate except the crude protein analysis which 
was done in duplicate. One way ANOVA and Tukey HSD (Wilkinson, 1988) was carried 
out to test for any significant differences in the chemical composition of S. hemiphyllum 
dried by three different methods. 
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Chapter 3. Comparative studies on the effect of sun-drying, oven-
drying, and freeze-drying methods on the chemical 
composition of brown seaweed Sargassum hemiphyllum 
3.1 Results and discussion 
3.1.1 Color and appearance 
The dried seaweed samples of different treatments are shown in Figure 5. The 
freeze-dried samples had lighter color and better fresh-looking appearance when 
compared to the samples of sun-dried and oven-dried which were darker, with leaves 
shrunken and entangled together (Figure 5). During the drying processes, sun-dried 
seaweed samples were exposed to sun light and open air, and oven-dried ones were 
subjected to heat treatment of 60 °C. While both the sun-dried and oven-dried seaweed 
samples were dried by the mechanism of evaporation, freeze-dried seaweed samples were 
dried by the mechanism of sublimation which caused the least changes in color and 
appearance. 
3.1.2 Chemical composition 
3.1.2.1 Protein, dietary fiber, ash, and moisture 
Results of the contents of the crude protein, dietary fibers, ash, and moisture 
content of S. hemiphyllum are summarized in Table 4. Sun-dried seaweed samples had 
the highest level Q) < 0.05) of crude protein and moisture contents and the lowest level 
^)<0.05) of ash content among the three dried seaweed samples. Total dietary fiber 
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Figure 5. Specimens of sun-dried, oven-dried 
and freeze-dried seaweed Sargassum hemiphyllum 
showing the color and texture. 40 
Table 4. Crude protein, dietary fibers, ash and moisture contents (% DW) of sun-
dried, oven-dried and freeze-dried seaweed Sargassum hemiphyllum^ 
Composition Sun-dried Oven-dried Freeze-dried 
Crude Protein Q^ x 6.25) 6.81t0.05^ 6.49士0.0广 6.50±0.01^ 
Dietary Fiber 
Total Dietary Fiber 65.6t0.15^ 58.6±1.58b 62.7+0.25^ 
Soluble Dietary Fiber 9.48t0.33 10.3土0.36 9.82±0.28 
Insoluble Dietary Fiber 55.2±0.72^ 47.2±0.68^ 52.911.22^ 
Ash 19.6t0.03^ 21.5±0.07^ 21.1t0.12^ 
Moisture 12.4±0.03^ 7.60±0.00^ 9.47±0.52^ 
"Mean values and standard error of measurements (SEM) for three replicates. 
abcMeans in rows with different superscripts are significantly different (p < 0.05, ANOVA, Tukey-
HSD). 
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(TDF) in a seaweed sample includes both the water-soluble (SDF) and water-insoluble 
fractions (IDF). Sun-dried seaweed samples showed very similar values with the freeze-
dried samples in terms of its dietary fiber content. No significant differences were 
observed in the amount of SDF among all the seaweed samples examined (Table 4). 
However, the IDF of oven-dried seaweed samples was significantly (p < 0.05) lower than 
that of either the sun-dried or the freeze-dried seaweeds. Hence, the oven-dried seaweed 
has the lowest level (p < 0.05) of TDF. The heat treatment caused considerable 
disruption of cells, which enhanced the amylolytic enzymic activity and increased the 
solubility of the IDF of the oven-dried seaweed samples. Except the ash and SDF 
contents, oven-dried seaweed samples exhibited the lowest values (p < 0.05) in all their 
chemical constituents (Table 4). Freshly collected S. hemiphyllum consists of 85-87 % of 
water (data not shown). After drying, the oven-dried seaweed samples contained the 
lowest (jp < 0.05) moisture content as it has the most severe heating (highest temperature) 
treatment among the three dried seaweed samples (Table 4). The above results suggested 
that heat treatment during the drying caused the greatest loss of nutrients. 
3.1.2.2 Amino acids 
The amino acid profiles of sun-, oven-, and freeze-dried seaweed samples are 
shown in Table 5. The total amount of aspartic acid, glutamic acid, leucine, and tyrosine 
accounted for half of the total amino acids present in all seaweed samples. The amount 
of total amino acids of oven-dried samples was lower than that of sun- and freeze-dried 
samples but the differences were not statistically significant (p > 0.05). The total amino 
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Table 5. Amino acid composition (% total amino acid) of sun-dried, oven-dried and 
freeze-dried seaweed Sargassum hemiphyllum^ 
Amino Acid Sun-dried Oven-dried Freeze-dried 
Aspartic Acid 9.99±0.17 10.1i0.21 9.88±0.14 
Threonine 4.57±0.05 4.60土0.06 4.58±0.03 
Serine 0.92±0.09 0.78±0.06 0.84士0.11 
Glutamic Acid 11.4±0.25 11.6士0.39 11.3i0.07 
Glycine 5.24t0.12 5.30t0.16 5.11±0.05 
Alanine 6.15±0.04 7.18t0.38 6.15±0.06 
Cysteine 1.74t0.29 2.14t0.13 1.46±0.06 
Valine 5.36±0.05 5.36±0.04 5.34±0.02 
Methionine 2.01±0.04 2.97士0.02 1.91土0.22 
Isoleucine 4.10±0.06 3.74士0.31 3.77土0.35 
Leucine 7.01士0.25 6.82土0.06 6.96士0.02 
Tyrosine 22.6±0.31 21.1±1.34 23.0±0.15 
Phenylalanine 4.21±0.06 4.05土0.19 4.19db0.02 
Histidine 1.50±0.05 1.52t0.03 1.52l0.04 
Lysine 5.03±0.14 5.01±0.17 4.94士0.02 
Arginine 4.25土0.03 3.74土0.40 5.02t0.19 
Proline 3.91土0.02 4.02士0.06 3.99土0.02 
Total Amino Acids^ 7.05±0.56 5.39±0.75 7.8710.95 
"Mean values and standard error of measurements (SEM) for three replicates, 
b Percentage of dry weight of seaweed sample. 
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acid of freeze-dried seaweed was approximate 45 % higher than that of oven-dried one. 
This might be due to the thermal treatment resulting in a considerable degradation of 
amino acids in the oven-dried samples. However, the damage to the amino acids seemed 
to be nonspecific as the relative percentages of the individual amino acid in the three 
seaweed samples were all very similar (Table 5). A trend of less amino acid degradation 
was observed in the freeze-dried seaweed samples than in the thermal-treated ones, 
though the differences were not statistically significant. 
3.1.2.3 Mineral elements 
The ash content of sun-dried seaweed samples was significantly � < 0.05) lower 
than that of oven- and freeze-dried samples (Table 4). In addition to the ash content, the 
mineral content of sun-, oven-, and freeze-dried S. hemiphyllum are listed in Table 6. S. 
hemiphyllum was found to be rich in sodium, potassium, calcium, aluminum, magnesium, 
and iron. Oven-dried and freeze-dried seaweeds showed no significant differences in ash 
content (Table 4), total mineral contents, and most mineral elements except sodium, zinc, 
and copper (Table 6). A faster drying process such as oven-drying, probably helps in 
preserving most of the amount of minerals in the samples. Among seaweeds treated with 
the three drying methods, sun-dried seaweed samples generally contained the lowest 
amount p^ < 0.05) of total minerals and most of individual mineral elements (Table 6). 
The relatively lower ash and mineral contents of sun-dried seaweed might be due to the 
long exposure time to air and leaching effect during the drying process. 
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Table 6. Mineral composition (mg/lOOg DW) of sun-dried, oven-dried and freeze-
dried seaweed Sargassum hemiphyllum^ 
Mineral Sun-dried Oven-dried Freeze-dried 
Na 1190tl.62^ 1190±66.7^ 1540t20.3^ 
K 3540±216^ 5210t301^ 4960t24.1^ 
Ca 1470±83.8 1300±62.5 1590±65.5 
Mg 770±17.3 741±20.3 798tl5.3 
A1 132±6.40 128±9.21 104t2.36 
Fe 25.2±2.57' 33.8tl.86^ 26.1±1.15'^ 
Zn 3.30+0.13^ 3.24t0.05^ 2.14i0.01^ 
Mn 3.40±0.09 3.40±0.04 3.24土0.02 
Cu traces^ 2.21±0.02 traces 
Ni traces traces traces 
Total Minerals 7130t317^ 8660±387^ 9040±98.9b 
"Mean values and standard error of measurements (SEM) for three replicates. 
abcMeans in rows with different superscripts are significantly different (p < 0.05). 
^ traces < 0.01 mg/lOOg ofDW. 
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3.1.2.4 Vitamin C 
The vitamin C content of S. hemiphyllum was strongly depended on the drying 
process (Figure 6). The vitamin C content of freeze-dried seaweed samples (153±12.0 
mg/lOOg) was significantly (^ < 0.01) higher than that of the oven- and sun-dried samples 
(97.7±12.1 and 51.9土3.47 mgy'lOOg, respectively). High temperature treatment during 
drying has been shown to greatly reduced the vitamin C content of seaweed samples 
(Mabeau and Fleurence, 1993). However, the vitamin C content of sun-dried samples 
reported here was significantly (p < 0.01) lower than that of the oven-dried ones. The 
relatively lower level of vitamin C content in sun-dried seaweed samples was probably 
due to the longer exposure time to air and leaching effect during the sun-drying process. 
This comparative study on the effect of drying methods on the vitamin C content of 
seaweed indicated that sun-drying has greater impact on vitamin C loss than the oven-
drying. It is likely that contents of other vitamins obtained from sun-, oven-, and freeze-
dried samples would show a similar pattem as that obtained for vitamin C. 
3.1.3 Characterization of alginate 
3.1.3.1 Extraction of alginate 
The relationship between the yield of alginate extracted from S. hemiphyllum and 
the three drying methods was investigated. The yields of alginate extracted from sun-
dried, oven-dried, and freeze-dried seaweed samples were 26.6±1.61 %，23.1±0.96 %, 
and 28.7土1.18 % DW, respectively. Oven-dried seaweed had a significantly lower 
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Figure 6. Vitamin C content (mean±SEM, n=3) of sun-dried, 
oven-dried and freeze-dried seaweed Sargassum hemiphyllum. 
Figures with different letters differ significantly at p < 0.01 (ANOVA, 
Tukey-HSD). 
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degradation of alginate. The alginate extracted by the three different drying methods 
were then characterized by measuring their block composition and M/G ratio. 
3.1.3.2 Uronic acid block composition and M/G ratio 
Alginate is composed of monomer D-mannuronic acid and L-guluronic acid. 
They exist in homopolymeric molecules of guluronic acids (GG-block), mannuronic acids 
(MM-block), and nearly equal proportion of both monomers (MG-block) (Figure 1). By 
partial acid hydrolysis and fractionation, these alginate blocks can be separated into MM, 
GG, and MG fractions. The results of the alginate block composition are shown in Figure 
7. hi general, the guluronate GG-block was higher than mannuronate MM-block in 
alginate of S. hemiphyllum, causing the mannuronic to guluronic acid (My'G) ratio to be 
less than 1. The content of MG-block in all samples ranged from 20-28 %. Alginate of 
the sun-dried samples gave a significantly Op < 0.01) lower content of GG-block and 
higher MM-block when compared to that of sun-dried and freeze-dried samples. 
Therefore, the M/G ratio of sun-dried (0.77±0.02) was significantly p^ < 0.01) higher than 
that of oven-dried (0.46土0.04) and freeze-dried (0.50±0.03) seaweeds (Figure 7). The 
M/G ratio is very important in determining the gel strength of alginate. Alginates with 
low MiQ ratio which has high gel strength is in a shortage on a global scale (Jensen, 
1993). Hence, it is likely that freeze-dried and oven-dried seaweed samples would 
produce alginates with higher gel strength than the sun-dried seaweed. The results 
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Figure 7. Block composition (mean, n=3) of uronates in alginates 
of sun-dried, oven dried and freeze-dried seaweed Sargassum 
hemiphyllum. 
Figures with different letters differ significantly at p < 0.01 (ANOVA, 
Tukey-HSD). 
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composition, and My^ G ratio could be found from the same seaweed with different drying 
methods. 
3.2 Summary 
The results in this section are summarized in Table 7. While sun-dried seaweed 
has the highest crude protein, total dietary fiber, moisture contents, and M^G ratio; oven-
dried seaweed has the highest ash content. Freeze-drying was best in preserving the color 
and appearance of seaweeds. Besides, freeze-dried seaweed has the highest content of the 
total amino acids, minerals, vitamin C, and alginate. Freeze-dried seaweed did not have 
the lowest value in any of the chemical composition studied (Table 7). 
Different drying methods have significant effects on the content of chemical 
constituents in S. hemiphyllum. The present results suggest that freeze-dried seaweed 
samples seemed to have the best nutritional quality. However, the equipment and 
operating costs for freeze-drying are higher, and its drying capacity is smaller than those 
for sun-drying and oven-drying. For economic reasons, sun-drying is widely used in 
both seaweed studies and phycocolloid industry. But sun-drying is strongly dependent on 
the weather and the length of day, and is more labor intensive than the other two methods. 
Li this study, the nutritional quality of the sun-dried seaweed samples was more 
comparable than the oven-dried ones to that of the freeze-dried samples. But the 
significantly lower levels of ash, minerals, and vitamin C contents in the sun-dried 
seaweed indicated that these micronutrients were very sensitive to the conditions during 
the process of sun-drying. Of the three methods studied, it is most difficult to control the 
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Table 7. A summary of the drying effect on the chemical composition of Sargassum 
hemiphyllum. 
Drying Method 
Composition Highest Yield Lowest Yield 
Crude Protein Sun-dried Oven-dried 
Total Dietary Fiber Sun-dried Oven-dried 
Moisture Sun-dried Oven-dried 
M/G Ratio Sun-dried Oven-dried 
Ash Oven-dried Sun-dried 
Total Amino Acids Freeze-dried Oven-dried 
Minerals Freeze-dried Sun-dried 
Vitamin C Freeze-dried Sun-dried 
Alginate Freeze-dried Oven-dried 
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conditions during sun-drying. Because of its slower drying rate, sun-drying seaweed 
would be subjected to more leaching effect and longer exposure time to air, both of which 
could cause significant micronutrient losses. Although, the fast drying rate in oven-
drying preserved the ash and minerals contents, the effect of high temperature treatment 
during oven-drying still caused the greatest nutrient losses among the three drying 
methods. 
Overall, the most appropriate drying method for retaining the chemical 
composition of seaweeds is the freeze-drying method which was chosen for the studies on 
the seasonal variations in the chemical composition of S. hemiphyllum and Hypnea 
charoides in chapters 4 and 5. 
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Chapter 4. Seasonal variations in the chemical composition of brown 
seaweed Sargassum hemiphyllum 
4.1 Results and discussion 
4.1.1 Environmental parameters 
For the study, Sargassum. hemiphyllum was collected off ofLung Lok Shui at Tung 
Ping Chau, Hong Kong (Figure 4). The temperature of the site ranged between 17 and 29 
°C, with a lower range of 17-24�C from November 1995 to April 1996 and a higher range 
of 26-29 °C from May to October 1996 (Figure 8). The monthly salinity of the seawater 
showed a seasonal trend of constant higher values (32.7-35.2 %o) from November 1995 to 
July 1996 and fluctuating lower values (17.7-25.5 %o) from August 1996 to November 
1996 (Figure 9). The pH levels ranged from 8.2 to 8.6 and showed no seasonal trend in its 
fluctuations (Figure 10). 
S, hemiphyllum was collected at Tung Ping Chau from November 1995 to April 
1996 (Figure 8). During this growth period of S. hemiphyllum, the seawater temperature 
was low (17-24�C) (Figure 8), salinity was constant and high (32.7-35.2 %o) (Figure 9)， 
and the pH of seawater was ranged from 8.20 to 8.47 (Figure 10). S. hemiphyllum became 
reproductive in March to April 1996 and starting to die back in late April to May 1996. 
New growth started in May 1996, but they did not survive the hot July weather. New 
recruits started to appear in late August but remained small (< 5 cm). This period (June-
November 1996) of slow growth took place at a time when the seawater temperature 
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Figure 8. Seasonal variations of seawater temperature in Lung Lok 
Shui over the study period. 
>||^ represents the month during which Sargassum hemiphyllum was 
found actively growing. 
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Figure 9. Seasonal variations of seawater salinity (meandiSEM, 
n=3) in Lung Lok Shui over the study period. 
會 represents the month during which Sargassum hemiphyllum was 
found actively growing. 
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Figure 10. Seasonal variations of seawater pH (mean±SEM, n=3) 
in Lung Lok Shui over the study period. 
>||i^  represents the month during which Sargassum hemiphyllum was 
found actively growing. 
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increased to a range of 26 to 29 °C and the salinity levels fluctuated and decreased to a 
range of 17.7 to 23.7 %o. A new collection of S. hemiphyllum began in December 1996 
when the temperature decreased to 19.6 °C and the salinity level increased to 32 %o. 
Though the new growth cycle of S. hemiphyllum began a month later than in the year 1995, 
there existed a strong correlation between the temperature and salinity of seawater, and the 
seaweed growth. 
This phenomenon of strong association between growth and low temperature was 
also evidenced by the presence of great abundance of other Sargassum species in other 
places during the cooler months of the year (Thomas and Subbaramaiah, 1991; Trono and 
Lluisma, 1990; Wang and Chiang, 1994). Moreover, a constant optimal salinity of 
seawater is an important environmental factor determining the growth of seaweeds. 
Seaweeds are subjected to stresses under fluctuating salinity and pH of seawater (Kain and 
Norton, 1990). The growth of seaweeds was reduced under supra- and infi:a-optimal 
salinities (Bird et aL, 1979; Kain and Norton, 1990). The present observations suggested 
that the seasonal growth of S. hemiphyllum may be related to seawater temperature and 
salinity. However, other environmental factors such as photoperiod, irradiance, water 
motion, nutrient availability, grazing, and competition may also have great impact on the 
growth of seaweeds (Hodgkiss and Lee, 1983; Kain and Norton, 1990; Thomas and 
Subbaramaiah, 1991; Trono and Lluisma, 1990; Wang and Chiang, 1994). 
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4.1.2 Morphology 
Although the first appearance of S. hemiphyllum found in Lung Lok Shui at Tung 
Ping Chau was recorded at the end of October 1995, it was not possible to collect the 
specimens for study because of their small size and low abundance. The collection of S. 
hemiphyllum began in November 1996 when the plants had grown up to approximately 20 
cm tall (Figure 11). During January 1996，the dense populations of S. hemiphyllum 
appeared. They were notably elongated, and new branches with small new thalli at the 
upper part of the laterals were observed (Figure 11). The active growth of S. hemiphyllum 
in January 1996 occurred when the seawater temperature was the lowest (17 °C). When 
the temperature of seawater started to increase from February 1996, leaves on the older 
laterals started to fall off (Figure 11). By April 1996, only the laterals were left, and die 
back was complete in May 1996 when the temperature of seawater rose up to 26 °C. 
The growth pattem of S. hemiphyllum appears to follow the seasonal cycle of the 
tide. Li Hong Kong, low tide occurs in midday during summer and at night during winter 
(Hodgkiss and Lee, 1983). Exposure to summer heat during low tide may have prevented 
S. hemiphyllum to grow during this period. Similar phenomenon had been observed in 
other Sargassum species (Ang, 1986). 
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Figure 11. Morphology of different growth 
stages of Sargassum hemiphyllum collected a  different time  of t  year. 
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4.1.3 Chemical composition 
4.1.3.1 Protein and amino acids 
. ‘ 
Generally, brown seaweeds contain a relatively lower protein content than red and 
green seaweeds (Darcy-Vrillon, 1993). The relatively low protein content (4.49-6.50 % 
DW) ofS. hemiphyllum lies within the range of 5-15 % DW reported for brown seaweeds 
(Darcy-Vrillon, 1993). The protein content of S. hemiphyllum changed throughout 
November 1995 to April 1996 (Figure 12). Except in January 1996，the protein content of 
seaweed samples increased from 5.31土0.12 % DW in November to a maximum value of 
6.50士0.10 % DW in December 1995 and then decreased to a minimum value of4.71±0.04 
o/o DW in April 1996 (Figure 12). The reason for the sudden drop ofthe protein content in 
January 1996 in the middle of its growing period is not clear, but may be related to a 
sudden change ofenvironmental factors such as the depletion ofnitrogen in the seawater. 
Nitrogen is the key element of protein, and the maximum protein content and 
growth rates of seaweeds are proportional to the availability of nitrogen in the medium 
(Bird, 1984; Mouradi-Givemaud et aL, 1993; Percival and McDowell, 1967; Wood et al., 
1991). Many seaweeds have an internal storage pool of nitrogen in their cells. This pool 
ofnitrogen is readily utilized during active growth. An increase in the protein content of*S. 
hemiphyllum during its growth period may be related to the active conversion of nitrogen 
into protein as building blocks of the thalli. When most leaves on the laterals fell off 
during the die back phase (April 1996) of the growth cycle, a relatively low protein content 
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Figure 12. Seasonal variations in crude protein content (mean±SEM, n=2) 
of Sargassum hemiphyllum. The numerical data of each point are shown in 
Appendix 2. 
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Figure 13. Seasonal variations in amino acid composition (mean, n=3) 
of Sargassum hemiphyllum. The numerical data of each bar are shown 
in Appendix 3. 
61 
of the sample was observed. This observation suggested a general deterioration in the 
quality of the samples at this time. 
The amount of total amino acids ranged from 3.69 to 5.76 % DW (Figure 13) and 
was comparable to the crude protein content (4.49-6.50 % DW) determined by Kjeldhal 
method (Figure 12). This implies that the amount of non-protein nitrogenous materials in 
the samples of S. hemiphyllum was negligible. Both the crude protein and total amino acid 
contents had similar distribution pattem throughout the growth period (Figures 12 and 13). 
Li general, 17 amino acids, including all essential amino acids, had been detected in 
the acid hydrolysate of the seaweed samples by the Amino Acid Analyzer (Figure 13). The 
total amount of essential amino acids accounted for about half of the amount of total amino 
acids in S. hemiphyllum (Appendix 3). Similar results have been obtained from samples of 
other Sargassum species (Qari, 1988; Qasim, 1991). Though S. hemiphyllum contained 
low protein content, the quality of its protein was comparable to FAO/WHO requirements 
(Table 8) which use the egg protein as a reference. The essential amino acids in S. 
hemiphyllum showed comparatively higher essential amino acid (EAA) scores than the 
FAO/WHO requirements. 
In the essential amino acid profile, methionine was the most abundant one followed 
by leucine and valine (Figure 13). The relatively higher amount of methionine in S. 
hemiphyllum was in contrast with that obtained for Sargassum confusum (Portugal et aL, 
1983). In the present study, methionine was oxidized to methionine sulfone with performic 
acid before the acid hydrolysis step. This pretreatment protects methionine, from 
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Table 8. Comparison of the essential amino acid profiles (mg/g protein) of 
Sargassum hemiphyllum and Hypnea charoides with the FAO/WHO requirement 
pattem^ 
Amino acids S. hemiphyllum H. charoides FAO/WHO (1989) 
(December 1995) (April 1996) Requirement  
Pattern  
Leucine 79.2 (1.20)^ 86.6(1.31) 66 
Valine 60.2 (1.72) 78.3 (2.24) 35 
Lysine 52.5 (0.91) 69.2(1.19) 58 
Isoleucine 48.5 (1.73) 60.6(2.16) 28 
Threonine 50.3 (1.48) 61.5 (1.81) 34 
Methionine/Cysteine 41.2 (1.65) 50(2.0) 25 
Tyrosine/Phenylalanine 89.8 (1.43) 106(1.68) 63 
Histidine 15.8 (0.83) 20.2 (1.06) 19 
Tryptophan ND^ ND 11 
Total EAA^ 438 532 328 
^Seaweed samples with the highest EAA scores collected in the period of study. 
bData in parenthesis show the essential amino acid (EAA) score. 
°Not determined 
^Total EAA (mg/g protein) excludes tryptophan. 
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degradation, during the subsequent acid hydrolysis. The above discrepancy between two 
studies may be due to the different Sargassum species involved. Glutamic acid, aspartic 
acid, alanine, and glycine were the most abundant non-essential amino acids in S. 
hemiphyllum (Figure 13) which play an important role in giving a specific taste to these 
seaweeds (Mabeau et al., 1992). The non-essential amino acids profile of S. hemiphyllum 
was similar to those reported for other brown seaweeds (Ito and Hori, 1989; Mabeau et al., 
1992; Qari, 1988). 
4.1.3.2 Dietary fiber and polysaccharide sugars 
Brown seaweeds contain a large amount of complex carbohydrates. Most of these 
carbohydrates are not digested by humans, and they can be regarded as dietary fibers 
(Mabeau and Fleurence, 1993). The dietary fiber was the most abundant chemical 
constituent of S. hemiphyllum, accounting for more than 50 % of its DW (Figure 14). As 
mentioned earlier, the total dietary fiber (TDF) of S. hemiphyllum includes water-soluble 
(SDF) and -insoluble fractions (IDF) (Figure 14). The IDF was the most abundant fraction 
which was five to six times more than that of the SDF in S. hemiphyllum. Therefore, the 
seasonal pattem of the changes in the TDF level was mainly following that of the IDF 
(Figure 14). The levels of the SDF fluctuated from 7.69±0.17 % DW in November 1995 to 
13.1士0.37 % DW in March 1996 (Figure 14). Though no seasonal trend could be observed 
in the levels of the IDF which varied from 48.4 % to 54.3 % DW from November 1995 to 
March 1996，an apparent increase was observed in April 1996 (68.1 % DW) during the die 
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the TDF) which were low in young S. hemiphyllum increased with the growth of the 
seaweeds. Under the same enzymatic-gravimetric method, a similar seasonal variations in 
the contents of IDF and TDF was observed in a brown seaweed Hijiki (Suzuki et al., 
1993). The low levels of the IDF and TDF in Hijiki could be due to the long submerged 
hours of seaweeds under seawater and low irradiance in the winter time，and carbohydrates 
polymerized with growth (Suzuki et al., 1993). 
The contents of SDF, IDF, and TDF in S. hemiphyllum, as determined by the 
gravimetric method, were further characterized by their sugar composition (Figures 15a-c). 
The total sugar of the SDF which fluctuated from 20.3 to 28.9 % during the growth period, 
was in agreement with similar distribution pattem of its gravimetric yields (Figure 14). 
The total sugar of the IDF fluctuated between 19.7-23.2 % DW with no seasonal trend. 
However, the total sugar of the TDF in S. hemiphyllum increased gradually and attained 
maximum level in April 1996 during the die back phase. 
A total of nine sugars including eight neutral sugars: arabinose, fucose, galactose, 
glucose, mannose, ribose, rhamnose, and xylose and one amino sugar, glucosamine, was 
detected in the dietary fiber of S. hemiphyllum (Figures 15a-c). Rhamnose and galactose 
were the most abundant sugars in the SDF, accounting for more than 50 % of the total 
sugar (Figure 15a). Glucose and rhamnose were the dominant sugars in both the IDF and 
TDF (Figures 15b and 15c). Of interest, a relatively large amount of rhamnose was 
detected in the SDF, IDF, and TDF in S. hemiphyllum. However, large amount of 
rhamnose is usually found in green seaweed but only very little amount or none is found in 
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Figure 15. Seasonal variations in sugar composition (mean, n=3) 
of a) SDF, b) IDF and c) TDF from Sargassum hemiphyllum. 
The numerical data of each bar are shown in Appendixes 4a-c. 
67 
• 
brown and red seaweeds (Percival & McDowell, 1967). As mentioned in Chapter 1， 
cellulose, alginate, fucans, and laminarans are the major constituents ofpolysaccharides in 
brown seaweeds (Table 2). Among the various polysaccharides in S. hemiphyllum, only 
laminarans was digested away during the enzymatic-gravimetric determination of the 
dietary fiber in the present study. Fucoidan is a polymer of focan sulfate with side-chains 
ofgalactose, uronic acids, or xylose residues (Ito & Hori，1989). However, the presence of 
only a relatively low level of fiicose implies that the amount of fucans in S. hemiphyllum 
was low. 
Cellulose is the major insoluble cell-wall polysaccharides (Table 2) (Darcy-Vrillon, 
1993; Percival & McDowell，1967). The major sugar in the IDF of brown seaweeds was 
expected to be glucose. In the present study, the glucose constituted about 50 % of the 
total sugar in the IDF, and hence in the TDF (Figures 15b and 15c). The glucose content 
remained almost constant in the IDF (Figure 15b) but increased gradually in the TDF 
(Figure 15c) throughout its growing season. These findings may imply that the amount of 
insoluble cell-wall polysaccharide, cellulose, did not change seasonally in S. hemiphyllum. 
The apparent increase in the gravimetric yields of both the IDF and the TDF (Figure 14) 
may be due to an increase of other cell-wall polysaccharide such as alginate. Alginate is 
composed of D-mannuronic acid and D-guluronic acid (Figure 1) and is the major 
constituent (18-40 % DW) of cell-wall polysaccharides in brown seaweeds (Lewis, et al., 
1990). These uronic acids sugar are usually detected by NMR spectroscopy which was not 
done in the present study. 
68 
Little data on the sugar profile of cell-wall polysaccharides and their seasonal 
variations in S. hemiphyllum are presently available in the literature. Hence, this 
preliminary investigation may be used as a reference material for other similar study on the 
seasonal variations in the seaweed cell-wall polysaccharides. More detailed investigation 
on the changes in the structure of cell wall in S. hemiphyllum is required to understand the 
seasonal variations in the seaweed cell-wall polysaccharides. The alginate of S. 
hemiphyllum will be further discussed in section 4.1.4. 
4.1.3.3 Ash and mineral elements 
The inorganic ash was the second most abundant chemical constituent of S. 
hemiphyllum. It accounted for 21.1-25.6 % DW of S. hemiphyllum (Figure 16a). 
Seaweeds exhibit a high content of ash in order to grow in a medium with high ionic 
strength like seawater (Kesava Rao and Singbal, 1996). Unlike the dietary fibers, the ash 
content was particularly low at the early and the die back phase of the growth cycle (Figure 
16a). The ash content increased steadily from December 1995 (21.0土0.10 % DW) to a 
maximum peak in February (25.6±0.0 % DW) and March 1996 (25.2l0.0 % DW) and then 
dropped to the baseline level in April 1996 (21.4土0.0 % DW) (Figure 16a). 
The seasonal variations of macro-minerals (including potassium, sodium, calcium, 
magnesium, and aluminum) and trace minerals (including iron, manganese, zinc, copper 
and nickel) were also estimated in S. hemiphyllum. The total amount of these minerals 
observed at the early and die back phases of growth was lower than that found in middle 
phase of growth in February 1996 (Figure 16b). This agrees with the earlier observation on 
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Figure 16. Seasonal variations in a) ash and b) total mineral contents 
(mean±SEM, n=3) of Sargassum hemiphyllum. The numerical data 
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the ash content of S. hemiphyllum (Figure 16a). The ash content of the S. hemiphyllum was 
accounted by major cations such as sodium, potassium, calcium, magnesium, and 
aluminum (40-50 % ) and approximately equal amount of anions such as chloride and 
sulfate (Kesava Rao and Singbal, 1996). The amount of each of these minerals analyzed in 
this study varied monthly, and they all had their own characteristic patterns (Figures 17 and 
18). 
In S. hemiphyllum, potassium was the major metal ion followed by sodium, 
calcium, and magnesium in S. hemiphyllum (Figure 17). The amount of potassium was 
about 50 % of the total minerals in S. hemiphyllum (Figure 17a), and it increased steadily 
from 4400±40.0 mg/lOOg DW in November 1996，reaching a peak of 6200±204 mg/lOOg 
DW in January 1996，and thereafter decreased steadily to a low value of 3720土45.4 
mg/lOOg DW in April 1996 (Figure 17a). The content of sodium was relatively low in 
November 1996，(1377t26.1 mg/lOOg DW), but it doubled to a peak value of 3200土70.6 
mg/lOOg DW in February 1996 and then decreased steadily as the seaweed matured (Figure 
17b). These results agree with previous studies on Sargassum species which showed that 
the amounts of sodium and potassium decreased as the seaweeds matured (Kesava Rao and 
Singbal, 1996; Lontoc et al., 1982). The content of calcium in S. hemiphyllum was high in 
November 1995 (2200178.7 mgAOOg DW) when the seaweed was at an early stage of 
growth, and it dropped to 1590±113 mg/lOOg DW in December 1996 and decreased 
gradually with the growth period (Figure 17c). Similar to the distribution pattem of 
calcium, aluminum attained a maximum in November 1996，but it dropped gradually as the 
seaweed matured (Figure 17e). Sodium, potassium, calcium, and aluminum all decreased 
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( 
to their minimum values towards April 1996 when the seaweeds decayed and the 
temperature pf seawater rose. These were in agreement with previous results on brown 
seaweeds (Kesava Rao and Singbal, 1996, Lontoc et al., 1982). 
In the case of magnesium, the amount of this mineral in the seaweed sample 
decreased from November 1996 reaching a minimum of 680±22.3 mg/lOOg DW in 
February 1996. It then increased steadily back to a maximum value of 916±5.99 mg/lOOg 
DW in April 1996 (Figure 17d) following an increase in seawater temperature and 
irradiance. It had been shown that the content of magnesium in seaweeds increased when 
the plant was illuminated (Prasad and Oberleas, 1976). 
hon was the most abundant trace element found in S. hemiphyllum. The amount of 
iron dropped about 85 % from 34.5±0.66 mg/lOOg DW in November 1996 to 5.28±0.11 
mg/lOOg DW in January 1996 and then increased and leveled off at about 20 mg/lOOg DW 
in the other months (Figure 18a). The relatively high abundance of iron in S. hemiphyllum 
was in agreement with a study on Sargassum species in the Philippines (Lontoc et al, 
1982). These similar observations may imply that Sargassum species actively accumulate 
iron from seawater, but such hypothesis needs to be verified. The seasonal variations of 
manganese observed was very similar to those of calcium and aluminum (Figures 17c and 
17e). The content of manganese dropped suddenly from November to December 1996 and 
then remained constant for the other months (Figure 18b). The amount of zinc was 
4.80士0.36 mgAOOg DW in November 1996 and decreased by half to 2.14t0.0 mgAOOg 
DW in December 1996 and then gradually increased to around 3 mgy'lOOg DW in April 
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1996 (Figure 18c). S. hemiphyllum appeared to have relatively higher levels of trace 
elements at its early period of growth than at the later period of growth. 
Copper and nickel were the least concentrated trace elements in S. hemiphyllum, 
may reflect the naturally low occurrence of these elements in seawater. The abundance of 
trace metals in S. hemiphyllum followed a descending order of Fe > Mn > Zn > Cu, Ni, 
(Appendix 5), which was in agreement with the results of a similar study on S. 
hemiphyllum in Hong Kong (Ho, 1988). As seaweeds can readily accumulate metals from 
seawater, the relatively low levels of these metals in S. hemiphyllum may reflect the 
relatively low heavy metal contamination of seawater around Lung Lok Shui at Tung Ping 
Chau. However, this argument needs to be verified by further investigations. 
The present results showed that seasonal variations in the mineral elements of S. 
hemiphyllum had occurred during the period of this study. The amount of elements present 
in seaweeds depends on the different requirements at the various stages of growth of the 
seaweed and the availability of these elements in the seawater (Lontoc et aL, 1982). 
Therefore, for the same species, the seasonal distribution pattem of each individual element 
may be different and independent of the other elements. Study on the mineral element 




4.1.3.4 Vitamin C 
Apart from the major chemical constituents such as carbohydrate, protein, fat, and 
minerals, seaweeds are known to be rich in various vitamins (Chapman and Chapman, 
1980). Moreover, the variation in the vitamin C content of seaweeds is a seasonal 
phenomenon that is closely related to the growth of seaweeds (Liso et al., 1978; Munda, 
1987). Brown seaweeds generally contain more vitamin C than red and green seaweeds 
(Mabeau and Fleurence, 1993; Qasim and Barkati, 1985). The vitamin C content of S. 
hemiphyllum was ranged from 70.4 to 209 mg/lOOg on a dry matter basis (Figure 19). 
These results were within the range of 22 to 541 mgAOOg DW reported for other 
Sargassum species (Qasim and Barkati, 1985). All species of Sargassum were found to 
have remarkably high levels of vitamin C, which can be used for the extraction of vitamin 
C on a commercial scale (Qasim and Barkati, 1985; Subba Rao, 1965). If S. hemiphyllum 
is incorporated in food or used in commercial vitamin C extraction, its high content of 
vitamin C content was sufficient to meet the requirements of the Recommended Dietary 
Allowance intake (60 mg) for human adults. • 
There was a marked seasonal variation in the vitamin C content in S. hemiphyllum 
(Figure 19). A gradual rise in vitamin C content from 130±4.06 mgAOOg of DW in 
November 1995 to a maximum value of 209tl0.9 mgHOOg ofDW in January 1996. This 
rise in vitamin C content coincided with the active growth of the plant. The concentration 
of vitamin C then decreased and reached a minimum of 70.4土1.73 mg/lOOg of DW in 
April 1996 (Figure 19) which coincided with the die back phase of the growth cycle. 
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According to Liso and Galabrese (1974), a higher vitamin C content was observed in the 
actively growing apical portion of the thallus, whereas a lower content was found in the 
older, slower growing basal portion. Therefore, a relative lower amount of vitamin C 
found in the die back phase, when most leaves on the laterals fell off, in S. hemiphyllum in 
this study was expected. The results showed that the vitamin C content was strongly 
dependent on the growth stages of S. hemiphyllum, which was in agreement with previous 
report on Adriatic seaweed (Munda, 1987). 
4.1.3.5 Water and moisture 
The water content of S. hemiphyllum consisted of 85-95 % of fi:esh weight (data not 
shown). The moisture content of the freeze-dried S. hemiphyllum ranged from 9.33 to 11.5 
% of its DW (Appendix 2) as determined by an infrared dryer (2.3.8). 
4.1.4 Characterization of phycocolloid - alginate 
4.1.4.1 Alginate extraction 
The alginate in S. hemiphyllum which ranged 18.2-30.0 % DW was in agreement 
with the results on other Sargassum species (Mody & Chauhan�1992) (Appendix 6). The 
yield of alginate in S. hemiphyllum remained at 26.0-30.0 % DW throughout the growing 
season except that two minima (18.2 and 19.5 % DW, respectively) were found in 
November 1995 and February 1996 (Appendix 6). As mentioned earlier in 4.1.3.2, the 
cell-wall polysaccharides in S. hemiphyllum increased in its die back phase of the growth 
cycle. However, the alginate yield in S, hemiphyllum fluctuated and no definite trend was 
78 
• ( 
observed. The fluctuation in the yields of alginate in brown seaweeds may be influenced 
by the availability of nutrients for alginate synthesis in the medium, the different growth 
stages, and other environmental factors such as temperature, salinity, and pH (Percival & 
McDowell, 1967). Studies by Ang (1984) and Thomas and Subbaramaiah (1991) on other 
Sargassum species revealed that the content of alginate was higher at their maximum 
growth stages and lower at the die back stages. This is however not always consistent 
among the brown seaweeds. While Omar et al (1988) obtained a slightly higher alginate 
yield in young Sargassum specimen than from more mature one, Honya et al. (1993) 
reported that the alginate content of several brown seaweeds was lower at their early stages 
of growth than their later stages of growth. 
4.1.4.2 Uronic acid block composition and M/G ratio 
The alginate extracted was further characterized by measuring its block 
composition and M/G ratio (Figure 20 and Appendix 6). The determination of the block 
composition and MA3 ratio of alginate are important since the physical properties of 
alginate depend mainly on its M/G ratio (Honya et al., 1993). The present results showed 
that the alginate of S. hemiphyllum was dominated by guluronate (GG-block) followed by 
mannuronate (MM-block) (Figure 20)，and this is consistent with results from similar 
analyses in other Sargassum species (Fasihuddin et al., 1987; Yun et al., 1990). The 
distribution pattem of GG-block in alginate of S. hemiphyllum did not markedly change 
throughout its growing season. As the content of GG-block was higher than that of MM-
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ratio of alginate from S. hemiphyllum which ranged from 0.37 to 0.56 (Appendix 6) and 
closed to the values of 0.5-0.7 for other Sargassum species (Omar et al., 1988; Wedlock, et 
aL, 1986; Yun et al., 1990). The lowest (<0.60) and the highest (>1.00) MA3 ratios in 
alginate were observed in mature and young Sargassum species, respectively (Omar et al, 
1988;Wedlock et aL, 1986). 
A higher M/G ratio in alginate found in young seaweeds is expected since during 
the early stage of seaweed development, the alginate chains are mainly made up of 
mannuronic acids. Mannuronic acid residues in seaweeds are later epimerized to guluronic 
acid by enzyme C5 epimerase at its later development stage (Larsen, 1981). As the 
seaweed tissues become older, more mannuronic acid is epimerized to guluronic acid, and 
the My'G ratio of the alginate becomes smaller. Such development is necessary to make the 
seaweed tissues stronger, and this gives the extracted alginate a higher gel strength. 
However, in the present study, the distribution pattem of M/G ratio in the alginate from S. 
hemiphyllum did not markedly change over the growth period. Though no seasonal 
variation was observed, the alginate from S. hemiphyllum was characterized with a 
relatively low M;'G ratio. It is interesting to note that alginate with low M/G ratio can form 
a stronger and more brittle gel which is in shortage globally (Jensen, 1993). 
81 
I 
Chapter 5. Seasonal variations in the chemical composition of red 
seaweed Hypnea charoides 
5.1 Results and discussion 
5.1.1 Environmental parameters 
For the study, Hypnea charoides was collected off of A Ma Wan at Tung Ping 
Chau, Hong Kong (Figure 4). Like Sargassum hemiphyllum, the growth of H. charoides 
was very seasonal and was only found from December 1995 to May 1996 (Figure 21). A 
new cycle of growth was started in January 1997，which was a month later than that of the 
last cycle in 1995-1996 (Figure 21). The seasonal occurrence of H. charoides was shorter 
than that of a similar species in Taiwan which grows between October and July (Wang and 
Chiang, 1994). 
The present results indicated a strong correlation between the seawater temperature, 
salinity, and pH with the growth of H. charoides. During the growth period of K 
charoides, the temperature range of seawater in A Ma Wan was between 16.0-25.5 °C 
(Figure 21), the salinity of seawater was constant in a range of 34-35 %o (Figure 22), and 
the pH levels of seawater was between 8.20-8.35 (Figure 23). When the temperature of 
seawater rose to a higher range of 23.9-29 °C (Figure 21), the salinity decreased and 
fluctuated between 24.7-31.7 %o (Figure 22), and the pH levels of seawater increased and 
fluctuated between 8.23-8.63 (Figure 23) from June 1996 to December 1996, no growth of 
K charoides was observed. New growth of H. charoides was observed again when the 
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Figure 21. Seasonal variations in seawater temperature in A Ma 
Wan over the study period. 
^ ^ represents the month during which Hypnea charoides can 
be found. 
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Figure 22. Seasonal variations in seawater salinity (mean±SEM, 
n=3) in A Man Wan over the study period. 
^ ^ represents the month during which Hypnea charoides can 
be found. 
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Figure 23. Seasonal variations in seawater pH (meant SEM, n=3) in A 
Ma Wan over the study period. 
>||^ represents the month during which Hypnea charoides can be 
found. 
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temperature of seawater dropped to 18.5 °C and the salinity increased back to 32.7 %o, but 
the pH level of seawater remained high at 8.48 in January 1997. 
H. charoides has a strong affinity to low temperature, constantly high salinity, and 
constantly low pH levels. The seasonal variations of seaweed floras in warmer regions are 
often related to their growing temperature and desiccation tolerance (Kaldy et aL, 1995). A 
nimiber of red seaweeds such as Hypnea species, Centroceras clavulatum, and 
Polysiphonia species were found to have the lowest biomass during the late summer 
(Kaldy et al., 1995). It implied that the productivity of seaweeds decreased when the 
temperature of seawater increased (Kaldy et al., 1995). It has been observed that the net 
rate of photosynthesis of winter seaweeds were higher at low temperature and lower at high 
temperature. Moreover, seaweeds would be under varying degrees of stress when 
subjected to fluctuating levels of salinity and pH of the seawater (Kain and Norton, 1990). 
5.1.2 Color and appearance 
The presence of H. charoides was first observed in December 1996. The 
specimens were reddish in color and entangled together (Figure 24). It showed a gradual 
increase in size and abundance in each subsequent month of collection. H. charoides 
started to tum from its reddish appearance to a paler color when the temperature of 
seawater increased in April, 1996. Such bleaching effect became more obvious in the May 
1996 specimens with color range from pale green to pale yellow color (Figure 24). 
Phycoerythrin, phycocyanin, and chlorophyll a are the major pigments in red seaweeds. 
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Figure 24. Morphology of different growth 
stages of Hypnea charoides collected at 
different times of the year. 
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The content of these pigmentsdecreased when irradiance increased at the end ofthe growth 
period (Lapointe，1981). Finally, H. charoides totally disappeared in June 1996. 
5.1.3 Chemical composition 
5.1.3.1 Protein and amino acids 
Red seaweed is richer in protein than brown seaweed (Darcy-Vrillon, 1993). The 
protein content (14.8-22.3 % DW) of H. charoides (Figure 25) was within the range of 10-
30 % DW reported for red seaweeds (Mabeau and Fleurence, 1993) and is comparable to 
that ofedible land vegetables (around 20 % DW) (Dupin et aL, 1992). 
A strong seasonal variations of the protein and amino acid contents in K charoides 
can be observed in Figures 25 and 26. The amount of total amino acids (14.5-22.3 % DW) 
(Figure 25) of H. charoides was very similar to the crude protein content (14.8-22.3 % 
DW) (Figure 26) determined by Kjeldhal method, suggesting that H. charoides contains 
very little amount of non-protein nitrogenous material. The protein content of H. 
charoides increased from 14.8士0.0 % DW in January 1996 to a peak value of 22.3±0.15 % 
DW in March 1996 (Figure 25). The amino acid content was lowest at 14.5±0.02 % DW 
in January 1996 and increased gradually to maximum values (21.4-22.3 % DW) in March 
and in April 1996 (Figure 26). The seasonal changes of crude protein content in the 
seaweeds closely followed that of the total amino acids (Figures 25 and 26). The increase 
in the protein and amino acid contents in H. charoides might be due to an increase in the 
nitrogen content in the thallus as a result of enhanced uptake of nitrogen from the ambient 
(Bird et al., 1982). The absorbed nitrogen in seaweeds are stored in the form of protein 
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Figure 25. Seasonal variations in crude protein content (mean±SEM, n=2) 
of Hypnea charoides. The numerical data of each point are shown in 
Appendix 7. 
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Figure 26, Seasonal variations in amino acid composition (mean±SEM, 
n=3) of Hypnea charoides. The numerical data of each point are shown 
in Appendix 8. 
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and amino acid (Bird et al., 1982; Lignell and Pedersen, 1987). The protein content in H. 
charoides then gradually decreased and reached its lowest level (17.1±0.14 % DW) in May 
1996 (Figure 25). Moreover, the content of the total amino acid also dropped more than 20 
% DW and reached a minimum value of 17.2±0.47 % DW in May 1996 (Figure 26). 
Bird et al. (1982) reported that the amino acid content of seaweeds decreased 
rapidly when the thalli became deficient in nitrogen. Moreover, the thalli of K charoides 
were observed bleached in April and May 1996 (Figure 24). The pigments phycoerythrin 
and phycocyanin are important sources of nitrogen when thalli are initially becoming 
nitrogen limited (Bird et al., 1982; Lapointe, 1981). They exist as a protein-pigment 
complex, phycobiliprotein, whose concentration changes in response to nitrogen supply. Li 
the present study, the loss of the reddish color in the thalli of H. charoides indicates a 
nitrogen deficient status in the seaweed, which was confirmed by the decrease of protein 
and amino acid contents at the end of the growth cycle in May 1996. Although the color of 
thalli might be a good indicator of the protein and amino acid contents in seaweeds, it was 
strongly influenced by temperature and irradiance as mentioned previously in 5.1.2. It has 
been shown that temperature influenced the protein content of seaweeds (Lignell and 
Pedersen, 1987). Though nitrogen allocation and storage pattems in a red seaweed 
Gracilaria tikvahiae was documented (Bird et al., 1982)，ftuther research on the pattem of 
nitrogen storage and the role of pigments as nitrogen pools in H. charoides are required to 
understand the seasonal variations of its protein and amino acid contents. 
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Similar to the amino acid profile of S. hemiphyllum, 17 amino acids including the 8 
essential amino acids were detected in K charoides (Figure 26). The total essential amino 
acids accounted for more than 40 % of the total amino acid content (Appendix 8). Leucine, 
valine, lysine, and isoleucine were the most abundant essential amino acids found in H. 
charoides, and such profile was comparable to that of a similar species in the Philippines 
(Portugal et al., 1983). Glutamic acid, aspartic acid, arginine, and alanine being the most 
abundant non-essential amino acids found in H. charoides are responsible for the specific 
flavor of seaweeds (Mabeau, et al., 1992). This feature was similar to the results 
previously reported for other red seaweeds (Darcy-Vrillon, 1993, Ito and Hori, 1989). 
H. charoides did not only have a relatively larger amount of protein but the quality 
of its protein was good when compared to the FAO/WHO requirements (Table 8). Red 
seaweed protein are shown to have good amino acid balance (Mabeau and Fleurence, 1993; 
Mabeau et al,, 1992; Portugal et al., 1983) and the present result suggested that H. 
charoides can be a potential source of protein in terms of both its large quantity and high 
quality. 
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Table 8. Comparison of the essential amino acid profiles (mg/g protein) of 
Sargassum hemiphyllum and Hypnea charoides with the FAO/WHO requirement 
a 
pattem 
Amino acids S. hemiphyllum H. charoides FAO/WHO (1989) 
(December 1995) (April 1996) Requirement  
Pattem  
Leucine 79.2 (1.20)^ 86.6(1.31) 66 
Valine 60.2 (1.72) 78.3 (2.24) 35 
Lysine 52.5 (0.91) 69.2(1.19) 58 
Isoleucine 48.5 (1.73) 60.6(2.16) 28 
Threonine 50.3 (1.48) 61.5 (1.81) 34 
Methionine/Cysteine 41.2 (1.65) 50 (2.0) 25 
Tyrosine/Phenylalanine 89.8 (1.43) 106(1.68) 63 
Histidine 15.8 (0.83) 20.2 (1.06) 19 
Tryptophan ND^ ND 11 
Total EAA^ 438 532 328 
Seaweed samples with the highest EAA scores collected in the period of study. 
bData in parenthesis show the essential amino acid (EAA) score, 
^ o t determined 
^Total EAA (mg/g protein) excludes tryptophan. 
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5.1.3.2 Dietary fiber and polysaccharide sugars 
Dietary fibers including SDF and IDF were the major components of H. charoides, 
accounting for more than 60 % of the dry matter (Figure 27). Unlike in S. hemiphyllum 
which was dominated by IDF, the ratio of SDF to IDF in H. charoides only varied from 
0.74 to 1.52. The content ofTDF ranged between 62.0-68.0 % DW, and its distribution 
pattem did not change markedly during the period from December 1995 to April 1996 but 
only increased slightly in May 1996 (Figure 27). Except in January 1996, the amount of 
SDF decreased very slightly throughout December 1995 to May 1996，while the content of 
IDF increased gradually from December 1995 (27.1±0.23 % DW) to May 1996 (41.1土0.66 
% DW) (Figure 27) Of interest is that the trend of change in the amount of SDF appeared 
to be opposite to that of the IDF. When the content of SDF decreased along with the 
cessation of the vegetative cycle, the content of IDF increased accordingly (Figure 27). 
Like the land plants, young H. charoides are composed of thin cell wall. These cell-wall 
materials become thicker along with growth. The irregularity of the contents of SDF and 
IDF in January 1996 may be due to some unknown environmental factors such a change of 
nutrient availability in the medium. 
The total sugar of SDF remained almost constant in a range of 33.8-35.1 % 
throughout the growing season (Figure 28a). A gradual increase in the total sugar in the 
IDF (Figure 28b) was observed which coincided with the same observation in its 
gravimetric yield (Figure 27) during the growth period. Similar to the seasonal variations 
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the TDF ranged between 32.8-34.9 % did not markedly change throughout the period of 
growth (Figure 28c). 
The sugar profiles of the SDF, IDF, and TDF in H. charoides were very different 
(Figures 28a-c). Galactose was the dominant sugar in the SDF while glucose was the most 
abundant sugar in the IDF (Figures 28a-c). The soluble cell-wall polysaccharides of red 
seaweeds are composed of sulfated galactans (Darvy-Vrillon, 1993), which, in Hypnea 
species is carrageenan which is comprised mainly of galactose. Over 80 % of total sugars 
in the SDF was galactose in H. charoides (Figure 28a). Glucose was also present in the 
SDF with a range of 1.62-2.60 % DW. A steady decline in the galactose content of the 
SDF was found from December 1995 to May 1996. hi contrast, a small gradual rise of 
glucose content in the SDF was observed in the same period (Figure 28a). 
Glucose was the most abundant sugar, accounting for more than 40% of the total 
sugar in the IDF. Besides, a considerable amount of galactose (27-36% total sugar) was 
also present in the IDF (Figure 28b) which indicating the presence of some carrageenan 
together with cellulose in the IDF of H. charoides. Although the content of glucose and 
galactose of the IDF in H. charoides fluctuated, no seasonal trend was observed (Figure 
28b). The change in the amount of galactose appeared to be opposite to that of glucose as 
similarly observed in the SDF. 
As mentioned in chapter 1，sugar residues found in carrageenan and cellulose are 
basically galactose and glucose, respectively. In the present study, galactose and glucose 
accounted for more than 50 % and 20 % of the TDF, respectively (Figure 28c). The 
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Figure 28. Seasonal variations in total sugar, galactose and glucose contents 
(meaniSEM, n=3) of a) SDF, b) IDF and c) TDF from Hypnea charoides. 
The numerical data of each point are shown in Appenixes 9a-c. 
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content of galactose of the TDF decreased gradually while that of glucose increased slowly 
from December 1995 to May 1996 (Figure 28c), and this change in the sugar content was 
similar to that ofthe SDF (Figure 28a). Based on the galactose and glucose content of the 
TDF, it can be concluded that more than half of the polysaccharides in H. charoides were 
carrageenan while a relatively small amount was cellulose. Several authors have reported 
the relatively large abundance of carrageenan (Omar et aL, 1988; Zinoun and Cosson, 
1996) and small proportion of cellulose (2-10 % DW) in red seaweeds (Jensen 1993). 
Both the glucose content and the gravimetric yield of the IDF increased slightly with the 
growth of H. charoides. This may imply that insoluble fibrillar wall becomes thicker with 
growth. However, it was found that the content of galactose of the SDF and TDF in H. 
charoides decreased slightly towards the end of the growth period, and this will be 
discussed further in the carrageenan section (5.1.4). 
5.1.3.3 Ash and mineral elements 
The inorganic ash was the next most abundant chemical constituent in H. 
charoides. The ash content of K charoides increased sharply from December 1995 
(19.6士0.01 % DW) to a peak value (24.9土0.20 % DW) in January 1996 and then dropped 
steadily to its lowest value (16.9+0.02 % DW) in May 1996 (Figure 29a). The range (16.9-
24.9 % DW) of ash content found in this study was comparatively lower than that of a 
previous report (23.5-34.9 % DW) on the same Hypnea species in the Philippines (Portugal 
et al., 1983). The ash content of seaweed appeared to be inversely proportional to its 
growth as previously described in other red seaweeds (Mouradi-Givemaud et al., 1993). 
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Figure 29. Seasonal variations in a) ash and b) total mineral contents (mean 
±SEM, n=3) of Hypnea charoides. The numerical data of each point of ash 
and total mineral contents are shown in Appendixes 7 and 10，respectively. 
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The observed distribution pattem of the total amount of minerals in H. charoides 
(Figure 29b) was similar to that of the total ash content (Figure 29a). The seasonal 
variations in the macro-minerals (including sodium, potassium, calcium, magnesium, and 
aluminum) and trace elements (including iron, manganese, zinc, copper, and nickel) of H. 
charoides are shown in Figures 30 and 31, respectively. The total amount of all tested 
minerals in H. charoides accounted for 25-40 % of the total ash content (Appendix 10). It 
would be very likely that the other minerals not tested in the present study such as 
phosphorus and iodine may be present in a considerable amount in H. charoides. 
Ofthe major minerals tested, sodium was the major one followed by potassium and 
calcium (Figures 30a-c). The amount of sodium varied from 1800 to 5640 mg/lOOg DW, 
and accounts for more than 40 % of the total content of mineral elements (Appendix 10). 
Potassium was the second most abundant element in K charoides, accounted for 487 to 
2320 mg/lOOg DW (Figure 30b). The contents both of sodium and potassium increased 
sharply from December 1995 to a peak value in January 1996 and declined gradually to 
reach their lowest values in May 1996 (Figures 30a and 30b). The present results were 
consistent with a previous study (Lontoc et al., 1982) which indicated that the sodium and 
potassium increased to their maximum levels during the early stages of growth and 
decreased almost immediately as the seaweeds matured. 
In the beginning of the growth cycle of H. charoides which was in December 1995, 
the amount of calcium, magnesium, and aluminum were largest but they dropped suddenly 
to their lowest values in January 1996 (Figures 30c-e). The levels of calcium and 
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Figure 30. Seasonal variations in macro-mineral elements: a) Na, b) K� 
c) Ca, d) Mg and e) A1 contents (mean±SEM, n=3) of Hypnea charoides. 
The numerical data of each point are shown in Appendix 10. 100 
magnesium which ranged 256-1410 and 530-767 mg/lOOg DW, respectively, increased 
slightly from January 1996 to May 1996 (Figures 30c-d). The content of aluminum 
dropped from a higher level of 327±4.61 mgy^ lOOg DW in December 1995 to 118±10.1 
mg/lOOg DW in January 1996 and then gradually increased to reach its maximum level of 
356±12.8 mg/lOOg DW in May 1996 (Figure 30e). 
Like the macro-mineral elements, the amount of iron which ranged from 31.2 to 
191 mg/lOOg DW (Figure 31a), varied with the season. The range was in agreement with 
the iron levels (101-130 mg/lOOg DW) reported for similar Hypnea species in the 
Philippines (Lontoc et al., 1982). The concentration of manganese which ranged 4.19-12.9 
mg/lOOg DW (Figure 31b) was higher than that for the same Hypnea species (1.6-5.6 
mg/lOOg DW) reported previously (Lontoc et al., 1982). Both the levels of iron and 
manganese in H. charoides showed a very similar distribution pattern which were both low 
in January 1996 but gradually increased until May 1996 when they reached their maximum 
levels (Figure 31a-b). 
The concentration range of zinc in H. charoides was 4.44-7.44 mg/lOOg DW which 
was higher than that reported by Lontoc et al, (1982) for the same Hypnea species (1.9-5.3 
mg/lOOg DW) (Figure 31c). The seasonal change in the level of zinc in H. charoides was 
different from those of iron and manganese. The maximum level of zinc (7.44±0.38 
mg/lOOg DW) was found in December 1995 which was the first month of the growth cycle 
of H. charoides. It then leveled off at 4.0-4.5 mg/lOOg DW as the seaweeds matured 
(Figure 31c). The concentration of copper in H. charoides was barely detectable (less than 
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Figure 31. Seasonal variations in trace elements: a) Fe, b) Mn, c) Zn 
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0.01 mg/lOOg DW) in most of the period of growth except in December 1995 (2.48 
mg/lOOg DW) and May 1996 (0.20 mg^OOg DW) (Figure 31d). Nickel was the least 
concentrated trace element in H. charoides with less than 0.01 mg/lOOg DW detected 
throughout the study period. It has been shown that the amount of the trace elements in 
seaweeds depends on the availability of the corresponding element in seawater (Lontoc et 
al., 1982). Hence, the levels of iron, manganese, zinc, and copper found in H. charoides 
reflected the presence of these trace elements in the collecting site, A Ma Wan at Tung 
Ping Chau. 
The higher ash and total mineral contents in H. charoides at its early stages of 
growth could generally be attributed to the higher concentrations of sodium and potassium 
in the seaweeds. While the levels of sodium and potassium both increased sharply from 
December 1995 to January 1996, the distribution pattem of the rest of the other mineral 
elements appeared to be the opposite. The concentration of these minerals other than 
potassium and sodium dropped sharply in December 1995 and gradually increased from 
January 1996 to May 1996. The amount of elements present in seaweeds depends not only 
on their availability, but also on the different requirements of them during the growth cycle 
of seaweeds. Even in a same species, each individual element has its own characteristic 
distribution pattem independent of each other during the growth cycle (Lontoc et cd., 
1982). The availability of these minerals in seawater should be considered in future 
research on seaweed mineral element composition. 
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5.1.3.4 Vitamin C 
The vitamin C content of K charoides which ranged from 21.86 to 46.91 mgy'lOOg 
DW (Figure 32) was lower than those obtained by Qaism and Barkati (1985) for other red 
seaweeds (37 to 267 mg/lOOg DW). The vitamin C content ofH. charoides increased from 
34.37±1.27 mg/lOOg DW in December 1995 to a maximum value of46.95±5.04 mgy'lOOg 
DW in January 1996 and dropped to a low level of21.86±1.16 mgAOOg DW in March and 
remained at that level in April and May 1996 (Figure 32). Moreover, it was found that the 
vitamin C content in the first three months (December 1995-February 1996; 34.4-46.9 
mg/lOOg DW) of the life cycle of H. charoides was higher than that of the last three 
months (March 1996-May 1996; 21.8-24.7 mg/lOOg DW) (Figure 32). The results showed 
clearly that vitamin C content in H. charoides changed during the growing season. These 
were in agreement with previous similar studies on red seaweed which showed that the 
highest vitamin C level was in juvenile seaweeds and it declined toward the end of the 
vegetative period (Liso et al, 1978; Munda, 1987). 
5.1.3.5 Water and moisture content 
Similar to S. hemiphyllum, the water content of H. charoides was 85-95 % of fresh 
weight (data not shown). The moisture content of the freeze-dried H. charoides samples 
ranged from 9.87 to 13.22 % DW (Appendix 7). 
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Figure 32. Seasonal variations in vitamin C content (mean 
±SEM, n=3) of Hypnea charoides. 
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5.1.4 Characterization of phycocolloid 一 carrageenan 
Carrageenan has industrial wide applications, and its functional properties strongly 
depend on the proportions of the types (kappa, lambda, and^or iota) of carrageenan present. 
Since most carrageenophytes are rich in carrageenan, it is worthwhile to extract and 
characterize the carrageenan in H. charoides. 
5.1.4.1 Carrageenan extraction 
In the present study, carrageenan was extracted twice (first and second extract) from 
H. charoides with hot water (90-100 °C) for three hours each time. From Figure 33，the 
yield of the first extract accounted for more than 80 % of the total amount of carrageenan 
extracted. The total yields of carrageenan extracted varied between 47.6 to 56.6 % DW in 
H. charoides which was comparable to the yield of carrageenan (45.5-55.6 % DW) in other 
Hypnea species (Ahmad and Williams, 1992; Friedlander and Lipkin, 1982; Omar et al., 
1988). The relatively high content of carrageenan found in carrageenophytes may be 
explained by its major functions in maintaining the integrity of the seaweed cell wall. 
Phycocolloids such as carrageenan, alginate, and agar are the major polysaccharides in the 
intracellular matrix of seaweeds which provide structural support in terms of elasticity and 
rigidity of the seaweed in response to water movements (Freile-Pelegrin et al., 1996). 
The total yield of carrageenan in H. charoides which increased from 47.6士0.14 % 
DW in December 1995，reaching a peak value of 56.6土0.44 % DW in January 1996 before 
declining steadily to its lowest value in April and May 1996 (44.4-44.6 % DW) (Figure 
106 
60 ~j~  
- z , \ 
50 - ^ ^ ^ ^ \ Total Extract 
- ^ s �- A 八 
§ 4 0 - ^ ^ ^ . - - ' " “ ^ " ^ " ^ ^ ^ ^ - - - ^ 1st Extract 




① _ 0) OJ 
^ 20 -o 
“ ^ \ 2nd Extract 
, ^ Z \ X 10 - ^ » X 一 —卜一^ 
0 _| 1 1 1 1 1 1  
Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 May-96 
Figure 33. Seasonal variations in carrageenan content (mean 
±SEM，n=3) of Hypnea charoides. The numerical data of each 
point are shown in Appendix 11. 
107 
33). The content of carrageenan decreased towards the end of the vegetative cycle in H. 
charoides, and this was in agreement with previous result on K musciformis and H. 
valenitae (Rama Rao and Krishnamurthy, 1978). It has been shown that the rate of 
phycocolloid synthesis was low at the active growing stage and thereafter it increased to a 
maximum before decreasing again at the later stages of growth in both H. musciformis and 
H. valenitae (Rama Rao and Krishnamurthy, 1978). Similarly, it has been reported that the 
content of carrageenan in red seaweed Calliblepharis jubata was lower at its active 
growing stage but was higher after the seaweed matured (Zinoun and Cosson, 1996). It 
had also been found that there was an accumulation of floridean starch content during the 
active growing period of C jubata, and this starch was utilized for the synthesis of 
carrageenan at the later stage of growth (Zinoun and Cosson, 1996). Li our study, it was 
found that the glucose content of the dietary fibers in H. charoides increased relatively to 
the decrease in the galactose content (5.1.3.2). It is difficult to compare the present study 
directly with that of C. jubata because of the facts that the species and the environmental 
factors involved were different. Moreover, the floridean starch, which may be present in 
the seaweed sample was digested away under the enzymatic-gravimetric method used to 
determine the dietary fiber contents (2.3.3) in the present study. The correlation between 
the synthesis of floridean starch and carrageenan in H. charoides deserved further studies. 
As mentioned in Chapter 1，carrageenan can be grouped into different types: the 
kappa, iota, and lambda families according to the extent of sulfation. Most 
carrageenophytes contain two or more carrageenan types and it is unusual for a seaweed to 
contain only a single type of carrageenan (Craigie, 1990). Li the present study, the 
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carrageenan in H. charoides was assumed to be mostly of kappa-type based on previous 
studies on Hypnea species (Chen and Craigie，1981; Cmigie, 1990; Lasema et al, 1981). 
Infrared (IR) spectrophotometry and carbon-13 nuclear magnetic resonance C^C NMR) are 
suggested for further characterization of the carrageenan types in H. charoides. The 
properties of carrageenan extracted from K charoides were investigated and characterized 
by comparing with a commercial type III carrageenan (kappa carrageenan) from Euchema 
spinosa (Sigma) in the following section (5.1.4.2). 
5.1.4.2 Chemical characteristics of carrageenan - sulfate content 
Carrageenans are sulfated polysaccharides with different amounts of sulfate groups 
which vary from 25-30 % in kappa carrageenan, 32-39 % in lambda carrageenan, and 28-
35 % in iota carrageenan (Therkelsen, 1993). The sulfate content of carrageenan in H. 
charoides (26.5-28.1 % )(Appendix 12) was slightly higher than that of the commercial 
type m carrageenan (26.4 %). This might be due to the fact that the extraction procedure 
ofthis study did not involve any alkali modification to remove sulfate groups which would 
subsequently produce more 3,6-anhydrogalactose units in the repeating units. Besides, the 
sulfate content found in H. charoides was higher than that of other Hypnea species from 
previous reports (Ahmad and Williams, 1992 ； Lasema et al., 1981). 
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5.1.4.3 Physical characteristics of carrageenan 
5.1.4.3.1 Gelling temperature 
The gelling temperature of the carrageenan extracted from K charoides was much 
lower (13.0-17.7 °C) than that the commercial type III carrageenan ( 44�C) (Appendix 12) 
but was higher than that of other Hypnea species (8-14�C) (Friedlander and Lipkin, 1982). 
The gelling temperature of carrageenan increased sharply to a peak value of 17.7 °C in 
January 1996 and then declined to a lower temperature range of 13-14.7 °C for the rest of 
the growing period (Figure 34). A similar seasonal variations in the yield of carrageenan 
and the gelling temperature of carrageenan extracted was observed in H. charoides 
(Figures 33 and 34). The highest gelling temperature ( 1 7 . 7 � C ) of the extracted 
carrageenan coincided with the maximum yield of carrageenan in January 1996. Since it 
has been reported that there is a positive correlation between the yield and quality of 
phycocolloid (Freile-Pelegrin et al., 1996)，the carrageenan found in H. charoides collected 
in January 1996 which has a relatively high yield may be of a higher quality. 
5.1.4.3.2 Gelling concentration 
The gelling concentration of carrageenan extracted from H. charoides which ranged 
from 1.76-2.33 % w/v was higher than that of commercial type III carrageenan 0.67 % w/v 
(Appendix 12). Since the commercial type III carrageenan consists of pure kappa 
carrageenan, it was expected that it would have a relatively lower gelling concentration 
than the crude extract of carrageenan from H. charoides. The latter might contain certain 
impurities. The lowest gelling concentration of the extracted carrageenan was found in H. 
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charoides samples collected in January 1996 (Figure 35) which coincided with the highest 
carrageenan yield and the highest gelling temperature (Figures 33 and 34). For industrial 
applications of carrageenan, a high gelling temperature and a low gelling concentration are 
most desirable. In general, the yield, gelling temperature, and gelling ability (gelling 
concentration) of the carrageenan from H. charoides decreased as the seaweed matured. 
These were in agreement with a decrease of gelling properties of the phycocolloid during 
the growth of H. musciformis and K valenitae (Rama Rao and Krishnamurthy, 1978). 
Since gel strength is another important consideration for the application of carrageenan in 
the food and phycocolloid industry, it should be included in the future research of the 
characterization of carrageenan from H. charoides. 
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Chapter 6. Conclusion 
The chemical composition of the brown seaweed S. hemiphyllum was significantly 
affected by different drying methods. In order to preserve both the quality and quantity of 
the chemical constituents in seaweeds, one needs to choose the most appropriate drying 
method either for nutritional study or industrial processing. Further studies are necessary 
for other classes of seaweeds such as red and green seaweeds. They have their distinctive 
cell-wall polysaccharides and chemical composition which may respond differently to the 
different drying methods. 
The analytical protocols used in the present study seemed to be appropriate in 
identifying and quantify the chemical constituents being investigated. The modifications 
made on some methods as well as the precise procedures developed for the chemical 
analyses in the present seaweed samples might also be relevant and applicable to other 
similar seaweed studies in the future. 
The present study showed that most of the chemical constituents of S, hemiphyllum 
and K charoides varied seasonally. The growth of both S. hemiphyllum and H. charoides 
were strongly correlated with the low temperature and constantly high salinity level in the 
seawater. The optimum harvesting periods to obtain the individual chemical constituents 
from S. hemiphyllum and H. charoides are summarized in Tables 9 and 10, respectively. 
No seaweed sample could give maximum yield for all the chemical constituents at any 
particular single month (Tables 9 and 10). Each chemical constituent of S. hemiphyllum 
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Table 9. Optimum harvesting period for the maximum amount of chemical 
composition (% DW) from Sargassum hemiphyllum.  
~omposition Nov-95 Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 ‘ 
Crude Protein ^ 
Total Amino Acid 5.76 
Total Dietary Fiber 75.0 
Soluble Dietary Fiber 13.1 
Insoluble Dietary Fiber 68.1 
Ash 25.6 
Total Minerals' 10900 
Vitamin C^ 209 
Alginate 30.0 
'mg/lOOg DW 
Table 10. Optimum harvesting period for the maximum amount (% DW) of chemical 
composition from Hypnea charoides, 
~omposition Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 May-96 
Crude Protein 22.3 
Total Amino Acid 22.3 
Total Dietary Fiber 68.0 
Soluble Dietary Fiber 41.1 
Insoluble Dietary Fiber 41.1 
Ash 24.9 
Total Minerals' 8910 
Vitamin C^ 46.9 
Carrageenan 
Extraction Yield 56.6 
Gelling Temperature^ 17.7 
Gelling Concentration^ 1.76 
'mgAOOg DW “ 
b the highest gelling temperature in the extracted carrageenan. 
e the lowest gelling concentration in the extracted carrageenan. 
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and H. charoides showed its own seasonal pattem which may be related to the different 
physiological activities of the seaweeds at different times. This might result in the 
synthesis and accumulation of different amounts of the chemical constituents at different 
growth stages of these two seaweeds. 
The essential amino acids in S. hemiphyllum and H. charoides showed 
comparatively higher essential amino acid (EAA) scores than the FAO/WHO requirements 
(Table 8). Nutritionally, the protein in H. charoides was better than that of S. hemiphyllum 
both in terms of its quantity (22.3 % DW against 6.50 % DW) (Tables 9 and 10) and 
quality (higher EAA scores) (Table 8). Therefore H. charoides could be a protein source to 
animals and humans. Although their dietary fiber profiles are different, both S. 
hemiphyllum and H. charoides are rich in dietary fibers, accounting to over 50 % of their 
dry weights. In S. hemiphyllum, most TDF are accounted by IDF (Table 9) while H. 
charoides has similar amount of SDF and IDF (Table 10). Both seaweeds are 
characterized by having the largest amount of SDF in their young plants, in the beginning 
of the growing season. Li contrast, the maximum level of IDF was found in the matured 
seaweeds, at the end of the growing season. 
The ash and total minerals in both S. hemiphyllum and H. charoides were observed 
higher in middle phase of growth than those at the early and later phases of growth. 
Although both seaweeds contain similar amount of ash contents, the total mineral contents 
of S. hemiphyllum was higher than that of H. charoides. S. hemiphyllum would be a better 
raw material for commercial vitamin C extraction because of its higher content (209 
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mg/lOOg DW) (Table 9) ofvitamin C than that ofK charoides (46.9 mg/lOOg DW) (Table 
10), so it could be a source of vitamin C for commercial extraction. S. hemiphyllum may 
be harvested for such purpose in January 1996, during its early growing period, because of 
its maximum levels of vitamin C (Table 9). 
No seasonal trend was observed in the content and M/G ratio of alginate in S. 
hemiphyllum. However, S. hemiphyllum could be a new commercial source of alginate for 
its high content and quality. Similarly, the extraction yield of carrageenan from H. 
charoides was high throughout the growing period, thus indicating that it would be a good 
source of carrageenan. In order to obtain a maximum yield of carrageenan with a high 
gelling temperature and a low gelling concentration, H. charoides is best harvested in 
January 1996 (Table 10). 
To date, S. hemiphyllum and H. charoides found in Hong Kong are not exploited 
commercially. This findings would provide information for assessing the potentials of 
these two seaweeds as alternative sources for the food and phycocolloid industry. 
6.1 Development perspectives of seaweeds 
The utilization of seaweed in the past had been limited by its availability as raw 
materials. The reasons for such shortage include seasonal variations, overharvesting and 
storm damage. Developing new seaweed harvesting sites and enforcing a rational 
harvesting scheme are necessary to further increase seaweed production. Seaweed 
cultivation has also gained popularity in overcoming some of these difficulties (Molloy and 
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Bolton, 1996). To cultivate species with genetic improvement is one way to produce 
seaweeds more efficiently fVan Der Meer, 1990). 
The results of the present study showed that both S. hemiphyllum and H, charoides 
could be new potential sources of nutrients and phycocolloids to the seaweed industry. The 
seasonal variations in the chemical composition of both S. hemiphyllum and K charoides 
provide information to facilitate the collection of these seaweeds at their maximum 
nutritional status. Studies on the growth phenology of both S. hemiphyllum and H. 
charoides and the nutrients availability in the seawater affecting their growth are being 
continued in Tung Ping Chau of Hong Kong at the present moment. The results of this 
study is one step toward elucidating the interactions among growth, nutrients availability in 
the seawater and the changes in the chemical composition of S, hemiphyllum and H. 
charoides with season. An understanding of these interactions is essential to make logical 
decisions on collection, usage, and cultivation of these seaweeds. Finally, the 
bioavailability and digestibility of the nutrients in these seaweeds in regard to humans and 
animals is another subject that deserves further research efforts. 
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Appendix 1. Spectrofluorimetric titration curves of commercial 
type III carrageenan and carrageenan of January 1997 Hypnea 
charoides sample with acridine orange 1.45 x 10'^  M. 
100 1 k    
9Q 一 \ \ • Type III Carrageenan 
\ \ • H. charoides 
g 8 0 - \ n 
f 7 � - \ \ 
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Appendix 2. Seasonal variations in protein, dietary fibers, ash and moisture contents (% 
a 
DW) of Sargassum hemiphyllum 
Composition Nov-95 Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 
Crude Protein 5.31±0.12 6.50±0.10 4.49±0.04 6.12土0.07 5.80±0.09 4.71±0.04 
0^x6.25) 
Dietary Fiber 
Total Dietary Fiber 59.9±0.15 62.7t0.25 59.4±0.40 63.5±0.20 68.5±0.50 75.0±0.08 
Soluble Dietary Fiber 7.69±0.17 9.82士0.28 12.1±0.71 9.64±0.13 13.1土0.37 10.1土0.12 
Insoluble Dietary Fiber 54.3t0.83 52.9±1.22 48.4i0.74 54.2±1.50 53.3t0.86 68.1±0.36 
Ash 22.5i0.05 21.1士0.11 22.5±0.05 25.610.02 25.2士0.07 21.4土0.01 
Moisture 9.52t0.20 9.47±0.52 9.33i0.28 11.5±0.44 10.5t0.97 10.2±0.13 
^Mean values and standard error of measurements (SEM) for three replicates except crude protein, which 
was in duplicate. 
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Appendix 3. Seasonal variations in amino acid composition (% DW) of Sargassum 
a 
hemiphyllum 
"Xmino Acid Nov-95 Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 
Essential 
Methionine 0.55±0.02 0.62t0.01 0.54i0.01 0.16士0.02 0.62±0.02 0.58±0.01 
Leucine 0.39t0.02 0.52t0.02 0.31±0.01 0.33±0.01 0.34土0.01 0.23土0.01 
Valine 0.31±0.01 0.39±0.02 0.24±0.00 0.26i0.01 0.28+0.01 0.19±0.01 
Threonine 0.27+0.02 0.33土0.01 0.21土0.00 0.23土0.01 0.25土0.01 0.18土0.01 
Lysine 0.26士0.01 0.34土0.01 0.21土0.00 0.23士0.01 0.24±0.01 0.16l0.01 
Phenylalanine 0.26±0.02 0.34t0.01 0.24土0.01 0.24t0.01 0.26t0.01 0.20土0.01 
Isoleucine 0.24士0.01 0.32土0.01 0.19士0.00 0.21±0.01 0.21t0.01 0.14±0.01 
Histidine 0.08士0.00 0.1010.00 0.07土0.00 0.08土0.00 0.08±0.00 0.05土0.00 
Total EAA 2.37土0.08 2.54±0.11 2.01i0.03 1.75土0.10 2.27±0.06 1.73t0.06 
Non-essential 
Glutamic acid 0.69土0.03 0.76+0.03 0.57土0.01 0.87士0.03 1.00士0.02 0.51土0.03 
Aspartic acid 0.62±0.03 0.65士0.01 0.49土0.01 0.52土0.02 0.56土0.01 0.38士0.02 
Alanine 0.39±0.02 0.48土0.02 0.30士0.00 0.42土0.01 0.36土0.01 0.27士0.01 
Glycine 0.32土0.02 0.37土0.02 0.25土0.00 0.27土0.01 0.28土0.01 0.21土0.01 
Arginine 0.26土0.01 0.39土0.02 0.22±0.02 0.21土0.03 0.22土0.00 0.21±0.02 
Serine 0.25土0.01 0.30土0.01 0.19士0.00 0.20+0.01 0.23±0.01 0.16土0.01 
Proline 0.23±0.01 0.28土0.01 0.17土0.00 0.19土0.02 0.12土0.01 0.18±0.00 
Tyrosine 0.19土0.01 0.24±0.01 0.15±0.00 0.17土0.01 0.17土0.00 0.12土0.01 
Cysteine 0.09士0.00 0.11土0.00 012土0.01 0.15土0.02 0.13±0.00 0.14±0.00 
Total AA^ 5.41t0.22 5.76士0.08 4.46土0.09 4.72士0.27 5.52t0.14 3.69士0.16 
^Mean values and standard error of measurements (SEM) for three replicates. 
^Sum of total essential and non-essential amino acids. 
131 
Appendix 4a. Seasonal variations in sugar composition (% DW) of soluble dietary fiber 
^ 
from Sargassum hemiphyllum 
"Sugar Nov-95 Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 一  
1 ^ ~ " ‘ 9 . 8 2 ± 0 . 0 9 “ 6 . 3 5 ± 0 . 0 1 ” 7 . 7 9 士 0 . 2 2 “ 7 . 3 5 ± 0 . 0 2 “ 1 0 . 6 土 0 . 1 8 “ 8 . 4 7 士 0 . 0 5 
Gal 4.32t0.04 10.6士0.03 4.26i0.10 8.02db0.40 9.99土0.19 5.96土0.55 
Glu 4.94土0.01 1.03土0.01 0.81±0.02 1.44i0.06 1.63t0.04 1.48±0.18 
Man 2.94+0.02 2.90土0.01 3.26±0.06 2.33土0.09 2.34i0.05 3.87±0.55 
Xyl 1.53±0.02 2.19±0.02 2.15土0.10 2.01土0.05 2.20土0.07 2.88db0.03 
GalNAc 1.05±0.03 2.12土0.03 1.46+0.20 1.50±0.12 2.11土0.09 1.54±0.07 
Fuc 0.10土0.00 0.51土0.00 0.50t0.01 0.55土0.00 0.48±0.00 0.66士0.00 
Rib 0.02土0.00 0.02土0.00 0.03土0.00 0.09士0.00 0.01土0.00 0.02土0.00 
Ara 0.07土0.00 0.09土0.00 0.04士0.00 0.04士0.00 0.05士0.00 0.10土0.00 
Total 24.8±0.20 26.8士0.00 20.3土0.66 23.2土1.00 28.9+0.53 25.0±0.62 
^Mean values and standard error of measurements (SEM) for three replicates. 
Appendix 4b. Seasonal variations in sugar composition (% DW) of insoluble dietary 
a 
fiber from Sargassum hemiphyllum 
Sugar Nov-95 Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 
"SKI 12.5±0.32“12.1±0.14“12.0±0.32”11.5±0.23“12.2t0.21 “12.7±0.22 
Rha 3.54+0.05 2.06士0.01 2.53土0.07 2.82±0.05 3.18±0.03 3.41±0.05 
Man 1.11土0.02 1.13土0.18 0.87±0.07 1.11士0.04 0.91土0.06 0.99士0.02 
Gal 0.86t0.05 1.56士0.03 0.82±0.02 1.34土0.04 0.97t0.01 0.90士0.01 
GalNAc 0.72土0.08 1.54±0.24 1.56土0.09 1.68土0.23 1.99±0.13 1.73土0.17 
Fuc 0.66土0.03 0.73±0.05 0.57土0.02 0.70±0.13 0.64士0.09 0.80土0.07 
Xyl 0.65t0.04 0.64土0.04 0.54±0.01 0.80±0.01 0.95土0.03 1.07db0.02 
Rib 0.02土0.00 0.01土0.00 0.04土0.00 0.03土0.00 0.01±0.00 0.02±0.00 
Ara 0.02±0.00 0.01±0.00 0.02士0.00 0.02t0.00 0.02土0.00 0.01±0.00 
Total 23.2土0.45 19.7±0.45 19.0tQ.42 21.0土0.93 20.9士0.17 21.5土0.35  
^Mean values and standard error of measurements (SEM) for three replicates. 
Appendix 4c. Seasonal variations in sugar composition (% DW) of total dietary fiber 
a 
from Sagarssum hemiphyllum 
‘Sugar Nov-95 Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 
• ^ 1 1 . 1 ± 0 . 6 0“ 9 . 7 4 ± 0 . 1 3“ 1 0 . 0士0 . 1 7 “ 1 0 . 3 t 0 . 2 2 ” 1 1 . 0 ± 0 . 2 2 ~ 1 2 . 3 t 0 . 3 3 
Rha 4.32土0.23 2.73±0.05 3.67±0.04 3.50±0.08 4.34t0.11 4.33土0.12 
Man 1.51±0.28 L17t0.02 1.32t0.05 1.30士0.02 1.28土0.02 1.39土0.06 
Gal 1.33t0.06 2.83±0.09 1.52±0.03 2.29士0.02 2.28±0.01 1.55±0.04 
GalNAc 0.86土0.12 1.47土0.09 1.49士0.25 1.42土0.05 1.84t0.15 1.84土0.06 
Xyl 0.85±0.04 0.85士0.03 0.87士0.03 1.00士0.03 1.22土0.04 1.33±0.04 
Fuc 0.62土0.11 0.86t0.08 0.5910.03 0.73±0.07 0.4710.05 0.69士0.06 
Rib 0.01土0.00 0.04t0.00 0.04±0.00 0.03±0.00 0.02t0.00 0.03±0.00 
Ara 0.03土0.00 0.03±0.00 0.02土0.00 0.02土0.00 0.02t0.00 0.03士0.00 
Total 20.7土1.10 19.7土0.30 19.5±0.42 20.3土0.22 22.4t0.46 23.5l0.6Q 
^Mean values and standard error of measurements (SEM) for three replicates. 
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Appendix 5. Seasonal variations in mineral composition (mg/lOOg DW) of Sargassum 
hemiphyllunt 
Minerals Nov-95 Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 
K 4400i40.0 4960±24.1 6200t204 5470ll71 5070±105 3720±45.4 
Na 1377i26.1 1540±20.3 1870l97.3 3200土70.6 2973±72.8 2070il9.0 
Ca 2200±78.7 1590tll3 1569±60.6 1430土114 1320t33.2 1500i24.3 
Mg 884±9.21 798±15.3 781±18.9 680±22.3 803±8.03 916db5.99 
A1 110±2.79 104±2.36 76.8±4.88 75.7±2.68 67.7tl.54 69.1t5.94 
Fe 34.5t0.66 26.1±L14 5.28±0.11 23.3t0.81 21.1士0.18 21.4士2.10 
Mn 21.3t0.31 3.24士0.0 2.91土0.0 2.59土0.0 2.25土0.0 2.20土0.01 
Zn 4.80±0.36 2.14t0.0 3.33士0.18 3.94土0.14 3.78土0.0 2.97+0.42 
Cu traces^ traces traces traces traces traces 
Ni traces traces traces traces traces traces 
Total 9070±145 9040±98.9 10500±307 10900±354 10300±115 8300±39.5 
^Mean values and standard error of measurements (SEM) for three replicates. 
^Traces < 0.01 mg/lOOg ofdryweight. 
133 
Appendix 6. Seasonal variations in the yield, block composition and M/G ratios of 
alginate from Sargassum hemiphyllum 
Nov-95 Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 
Yield(o/o)a 18.2±0.27 29.5士1.09 26.0tl.36 19.5士0.93 26.0土1.92 30.0±1.01 
Block Composition (%广 
MG 18.6 25.2 26.1 29.8 26.6 28.0 
MM 29.1 20.1 . 25.4 18.2 21.3 25.4 
GG 52.3 54.7 48.4 52.0 52.0 46.6 
MA3 R a t i o �0 . 5 6 0.37 0.52 0.35 0.43 0.55 
^Percentage yield based on sample dry weight and mean values and standard error of measurements (SEM) 
for three replicates 
bRelative percentage based on the amount of total MG, MM and GG blocks and mean values for three 
relpicates. 
'M/G ratio= % ofMM blocks / % ofGG blocks (Omar et al., 1988 and Wedlock et al., 1986) 
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Appendix 7. Seasonal variations in protein, dietary fiber, ash and moisture content (% 
a 
DW) of Hypnea charoides 
Composition Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 May-96 
Crude Protein 17.8土0.00 14.8土0.00 19.4土0.01 22.3±0.15 20.8t0.02 17.1土0.14 
0^x6.25) 
Dietary Fiber 
Total Dietary Fiber 63.5土0.59 65.0土1.60 62.010.40 64.2±0.20 62.6±0.17 68.0±1.25 
Soluble Dietary Fiber 41.1±1.10 30.6t2.53 37.5t0.24 37.7土0.54 37.410.67 34.1±2.47 
Insoluble Dietary Fiber 27.1土0.23 41.4±1.56 27.4±0.52 29.0士3.44 32.2±1.15 41.1土0.66 
Ash 19.6db0.01 24.9±0.20 22.6±0.26 18.3士0.02 20.0土0.04 16.9±0.02 
Moisture 9.87±0.22 12.9土0.79 13.2土0.58 11.1±0.07 10.5土0.10 9.42土0.22 
a Mean values and standard error of measurements (SEM) for three replicates except crude protein which 
was done in duplicate. 
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Appendix 8. Seasonal variations in amino acid composition (g/lOOg DW) of Hypnea 
a 
charoides 
‘Amino Acid Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 May-96 
Essential 
Leucine 1.53±0.02 1.19士0.01 1.33土0.09 1.71i0.06 1.80土0.12 1.41土0.03 
Valine 1.24土0.03 1.01土0.03 1.28t0.07 1.59±0.09 1.63土0.11 1.26土0.05 
Lysine 1.14土0.02 0.94±0.02 1.03±0.08 1.30土0.05 1.44土0.08 1.08土0.03 
Isoleucine 1.01土0.01 0.82t0.01 1.00土0.07 1.24±0.06 1.26土0.09 0.98土0.04 
Threonine 0.98土0.01 0.81±0.01 1.00士0.07 1.22t0.06 1.28土0.09 1.01土0.04 
Phenylalanine 0.99士0.03 0.76士0.02 1.05土0.07 1.28土0.07 1.34土0.10 1.11±0.05 
Methionine 0.50±0.02 0.35±0.01 0.46士0.01 0.53土0.01 0.41土0.01 0.35土0.00 
Histidine 0.34±0.01 0.27土0.01 0.33土0.02 0.41土0.02 0.42土0.03 0.27±0.01 
Total EAA^ 7.73土0.13 6.15土0.09 7.50t0.47 9.28土0.39 9.58士0.62 7.48土0.22 
Non-essential 
Glutamic acid 2.05±0.06 1.62土0.05 0.71士0.13 2.18士0.07 2.36土0.15 1.82土0.05 
Aspartic acid 1.84t0.07 1.47土0.04 1.53土0.12 1.99土0.07 2.13±0.13 1.67±0.04 
Arginine 1.26士0.03 1.05±0.01 1.32土0.09 1.59±0.08 1.64土0.10 1.24土0.04 
Alanine 1.17土0.03 0.95±0.02 1.11±0.07 1.37t0.06 1.39土0.10 1.08土0.03 
Glycine 1.00土0.02 0.81±0.01 0.89±0.06 1.13±0.04 1.21db0.08 0.94土0.02 
Serine 0.91士0.01 0.75士0.01 0.89士0.06 1.14±0.05 1.19士0.08 0.91±0.03 
Proline 0.86±0.01 0.71±0.01 0.92±0.06 1.12土0.06 1.19土0.09 0.94士0.03 
Tyrosine 0.76土0.01 0.60士0.01 0.71土0.05 0.93土0.05 0.87土0.05 0.56土0.02 
Cysteine 0.51土0.03 0.41士0.01 0.68db0.02 0.71土0.02 0.63土0.01 0.55t0.00 
Total AA^ 18.0土0.03 14.5t0.02 17.3±1.08 21.4士0.08 22.3土1.45 17.2土0.47 
a Mean values and standard error of measurements (SEM) for three replicates, 
b Sum of total essential amino acids. 
® Sum of total essential and non-essential amino acids. 
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Appendix 9a. Seasonal variations in sugar composition (%) of soluble dietary fiber from 
Hypnea charoides ^ 
_Sugar Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 May-96 
^ ‘ 2 9 . 6 ± 0 . 7 5 ~ " 2 8 . 5 ± 0 . 6 3 “ 2 7 . 1 ± 0 . 9 5 ”27.0士0.38“26.9±0.05“25.7±0.47 
GalNAc 2.08t0.12 2.31i0.13 3.49土0.23 3.58i0.19 3.43±0.02 3.01±0.15 
Glc 1.88±0.04 1.62t0.08 1.80±0.14 1.70士0.02 2.22t0.03 2.60i0.04 
Xyl 0.85土0.06 0.72土0.02 0.90±0.02 0.90士0.01 0.83土0.02 0.99土0.09 
Fuc 0.43土0.01 0.45i0.02 0.59±0.04 0.63土0.03 0.98土0.02 1.07土0.28 
Man 0.28±0.01 0.27±0.01 0.32土0.01 0.33±0.01 0.38±0.01 1.27土0.07 
Total 35.1±0.88 33.8±0.70 34.3tQ.89 34.3t0.50 34.7tQ.01 34.7土0.60  
a Mean values and standard error of measurements (SEM) for three replicates. 
Appendix 9b. Seasonal variation in sugar composition (%) of insoluble dietary fiber 
a 
from Hypnea charoides 
"Sugar Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 May-96 一  
^ 1 4 . 8 士 0 . 4 7 “ 1 3 . 2 ± 0 . 2 7 ~ 1 3 . 5 ± 0 . 5 5 “ 1 3 . 6 土 0 . 4 3 ~ 1 5 . 2 土 0 . 4 0 “ 1 4 . 3 ± 0 . 6 1 
Gal 7.49土0.38 11.3土0.30 9.95土0.30 8.90土0.30 9.15±0.20 10.2i0.48 
GalNAc 2.16±0.13 2.39±0.12 3.26土0.16 3.39士0.09 3.70土0.08 4.01土0.33 
Xyl 0.85+0.02 0.82±0.02 0.85土0.03 0.91±0.04 0.80±0.02 1.03土0.04 
Fuc 0.51±0.07 0.70士0.06 0.52±0.01 1.28±0.28 0.80土0.01 1.54±0.54 
Man 0.55t0.01 0.48±0.02 0.58±0.04 0.51士0.03 0.48t0.01 0.58土0.36 
Ara tracesb 1.04±0.15 0.18±0.02 0.53±0.15 1.62士0.03 traces 
Total 26.3土1.04 30.0土0.48 28.8±0.95 29.2士0.41 31.8±0.01 31.7土0.83  
a Mean values and standard error of measurements (SEM) for three replicates. 
^Traces<0.01 %ofIDF. 
Appendix 9c. Seasonal variations in sugar composition (%) of total dietary fiber from ^ 
Hypnea charoides . 
‘Sugar Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 May-96 
^ 21.6土0.42“22 .2±0 .82“20.3土0.48~"18 .8±0 .20~19.5±0.57“18.4±0.93 
Glc 7.62土0.21 8.61±0.40 8.27±0.19 8.12土0.19 9.0510.22 9.05±0.41 
GalNAc 1.91土0.08 1.99士0.07 3.17±0.25 3.73士0.15 3.62±0.07 2.75±0.27 
Xyl 0.93土0.03 0.80士0.04 0.93土0.08 0.91±0.02 0.87土0.02 1.07土0.04 
Man 0.41±0.01 0.41±0.03 0.46t0.01 0.45土0.02 0.47±0.01 1.13±0.20 
Fuc 0.39士0.09 0.5310.04 0.43士0.02 0.63士0.03 0.83±0.10 0.84士0.10 
Ara traces ^ traces 0.21±0.01 0.15±0.01 0.59±0.00 0.01±0.00 
Total 32.9±0.89 34.6士1.21 33.8土0.76 32.8±0.54 34.9±0.77 33.4l0.90 
a Mean values and standard error of measurements (SEM) for three replicates. 
^ Traces < 0.01 %ofIDF. 
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Appendix 10. Seasonal variations in mineral composition (mg/lOOg DW) of Hypnea 
charoides ^ 
Minerals Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 May-96 
K 786t8.18 2320±78.2 1340±22.4 747t29.5 893tl4.9 487±7.39 
Na 2330±28.6 5640tl28 5240±36.8 3510±226 4030±74.4 1800土16.7 
Ca 1410±48.5 256tl3.3 464±9.39 426t40.1 645±8.19 788±17.2 
Mg 767±16.0 530t9.91 564l6.89 559±11.2 581±4.07 594tl6.7 
A1 327i4.61 118±10.1 192±9.29 244t23.8 299±19.0 356ll2.8 
Fe 139±5.35 31.2t4.33 75.7i2.96 98.4土2.99 152t3.86 191土3.21 
Mn 9.16土0.06 4.19±0.10 6.86士0.17 6.28土0.12 10.8±0.11 12.9±0.11 
Zn 7.44士0.38 4.45±0.15 5.78i0.11 4.04土0.22 4.12土0.16 4.45士0.08 
Cu 2.48土0.11 traces ^ traces traces traces 0.20±0.00 
Ni traces traces traces traces traces traces 
Total 5780±98.8 8910tl95 7890±22.8 5600±279 6600±95.7 4230±55.5 
a Mean values and standard error of measurements (SEM) for three replicates, 
b Traces < 0.01 mg/lOOg DW. 
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Appendix 11. Seasonal variations in the yield of carrageenan (% DW) of Hypnea 
charoides^ 
Yield (%) Dec-95 Jan-96 Feb-96 Mar-96 Apr-96 May-96 
1st Extract 8.6t0.19 41.8±0.20 39.3土0.30 35.6±0.28 35.1土0.29 36.9土0.29 
2nd Extract 8.67土0.13 14.9士0.27 10.3土0.18 10.0土0.63 9.27土0.17 10.2土1.47 
Total 47.6t0.14 56.6±0.44 49.6土0.33 45.7i0.57 44.4士0.25 44.6t2.84 
a Mean values and standard error of measurements (SEM) for three replicates. 
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Appendix 12. Comparison of the physico-chemical properties of carrageenan extracted 
a 
from Hypnea chariodes with the commercial type III carrageenan . 
Source of carrageenan Sulphate ( % , Gelling temperature^ Gelling concentration ^  
TO (%w/v) 
Commercial type III ^ 26.4±0.19 44.0t0.50 0.67土0.01 
Hypnea charoides 
Dec-95 27.5+0.63 1 4 . 0土 0 . 0 2.31±0.03 
Jan-95 26.710.40 1 7 . 7士 0 . 3 3 1 . 7 6士 0 . 0 4 
Feb-95 26.7i0.00 1 4 . 7土 0 . 1 7 1 . 9 4土 0 . 0 4 
Mar-95 27.1±0.23 1 3 . 2土 0 . 1 7 2.33±0.01 
Apr-96 2 8 . 1土 0 . 0 1 13.0±0.27 2.22t0.09 
May-96 2 6 . 5土 0 . 3 4 1 3 . 0士 0 . 2 9 2 . 2 9 士 0 . 0 5 
^Mean values and standard error of measurements (SEM) for three replicates. 
^Percentage of sulphate in carrageenan. 
^Gelling temperature and concentration were determined at room temperature (17-18 °C) 
^Commercial type III carrageenan consists of mostly kappa carrageenan (Sigma). 
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Appendix 13. Related publications 
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